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NOTICE

The contents of this report reflect the views of the authors, who are responsible for the
facts and accuracy of the data presented herein. The contents do not necessarily reflect
the views or policies of the Mississippi Department of Transportation or the Federal
Highway Administration. This report does not constitute a standard, specification, or
regulation.

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States Government
and the State of Mississippi assume no liability for its contents or use thereof.

The United States Government and the State of Mississippi do not endorse products or

manufacturers. Trade or manufacturer’s names appear herein solely because they are
considered essential to the object of this report.
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CHAPTER 1 - INTRODUCTION

1.1  INTRODUCTION AND PROBLEM STATEMENT

As part of the Mississippi Department of Transportation’s (MDOT’s) pavement
design policies, subgrade soils and base materials are generally chemically stabilized to
provide increased strength and integrity. Three types of chemical stabilization typically
utilized during the construction of MDOT roadways are: lime treatment, cement
treatment, or lime/fly ash treatment. Construction of lime treated soils is governed by

Section 307 of the Mississippi Standard Specifications for Road and Bridge Construction,

while Sections 308 and 311 govern the construction of cement treatment and lime/fly ash
treatment, respectively.

Within the standard MDOT specifications, the construction requirements for field
compaction for the three stabilization techniques are slightly different. One constant
within the specifications is that each lot of stabilized material shall be divided into five
equal sublots. Within each sublot, a single density measurement shall be randomly taken.
The slight difference within the three specifications is that the density measurements for
lime stabilized materials must average 95 percent of maximum dry density with no
individual measurement less than 91 percent, while for the cement stabilized and lime/fly
ash stabilized materials the average must be 98 percent of maximum dry density with no
value less than 94 percent. Interestingly, no requirements are found within the three
specifications for the allowable range of moisture contents when measuring field density.
However, the allowable range of moisture contents may be inferred in that it would
become difficult to meet the maximum dry density requirements with moisture contents
greatly deviating from optimum.

Current MDOT pavement design procedures utilize the California Bearing Ratio
(CBR) test or the Unconfined Compression (UC) test to characterize the strength of the
chemically treated subgrade soils and base materials. The new Mechanistic-Empirical
Pavement Design Guide (MEPDG) uses elastic modulus (E) calculated from UC test
results for cement and lime/fly ash treated soils, and resilient modulus (Mg) values to

characterize lime treated soils.



1.2 OBJECTIVE

In conversations with MDOT representatives, the influence of density and
moisture content on the strength of chemically stabilized materials has not been
quantified. As the owner that specifies and monitors highway construction, an
understanding of the influence of these two properties is very important. Therefore, the
objective of this study was to conduct laboratory evaluations to quantify the effects
of compaction (density levels) and moisture conditions on the strength of chemically
treated soils and bases for the typical Mississippi DOT highways. Because MDOT is
in the transition between the American Association of State Highway and Transportation
Officials (AASHTO) pavement design guide and the MEPDG, quantifying the stabilized
materials with test methods required by both pavement design systems was conducted.
These results can be used to optimize current and future pavement structural sections and
to provide data to improve construction specifications. This research will enhance
MDOT’s capabilities to design highways and will provide material properties that can be

used to predict pavement performance.



CHAPTER 2 - TEST PLAN

The test plan was divided into two phases. Phase I evaluated virgin soils and
chemically stabilized soils by the current, traditional MDOT methods to provide a
baseline of data typically utilized by the existing pavement structural design procedures.
Phase II evaluated the same materials using the recommended MEPDG test methods.
Both phases prepared specimen at varying density levels and moisture conditions. The

following sections describe the work within each phase.

21 PHASEI

Within Phase I testing, fourteen combinations of various Mississippi soils and
materials and stabilization techniques were tested with the California Bearing Ratio
(CBR) test and Unconfined Compression (UC) test. Additionally, the seven virgin soil
materials were tested using the CBR test to generate baseline data for the materials. The
combinations tested are shown in Table 1. The soils were tested at various compaction
levels (designated as low, standard and high), at optimum moisture content and at
three percent above optimum moisture content. The compaction levels were created
by adjusting the number of blows per layer when fabricating the samples.

As part of the testing of the various soils and chemically treated soils, all pertinent
classification testing was performed as well as any required proctor density testing. The
classification testing included Atterberg limits and gradation testing. Standard Proctor
density testing was performed on each of the virgin soils as well as the chemically

stabilized material combinations.

Table 1: Soil and Stabilized Soil Combinations Investigated in this Research

Material No. Soil Type Virgin Chemical Treatment
ASTM AASHTO Lime Lime-Fly Ash| Cement
1 CL A-7-6 X X X -
2 CL A-6 X X X X
3 ML A-4 X -- X X
4 CL A4 X X X X
5 SM A-2-4 X -- - X
6 SM A-2-4 X -- - X
7 SC A-2-4 X -- X X




2.2 PHASEII

For Phase II, the same 21 combinations were tested using the new MEPDG design

protocols.

material combinations. These tests were also conducted at the low, standard and high
compaction levels and at optimum moisture content and at three percent above
optimum, where possible.
testing for lime stabilized materials and unconfined compression testing for lime/fly
ash and cement stabilized materials. Elastic modulus, the required input within the

MEPDAG, is calculated from the unconfined compression test results for lime/fly ash and

cement stabilized materials.

Table 2 shows the recommended protocols for the chemically stabilized

The MEPDG protocols recommend resilient modulus

Table 2: MEPDG Protocol for Strength Testing of Soils and Stabilized Soils

Virgin Classifications Stabilization
Material No. | AASHTO | _USCS | _ Method MERPG Pralogd
1 A-7-6 (23) CL -- Resilient Modulus
2 A-6 (17) CL - Resilient Modulus
3 A4 (1) ML -- Resilient Modulus
4 A4 (5) CL -- Resilient Modulus
5 A-2-4 (0) SM -- Resilient Modulus
6 A-24 (0) SM - Resilient Modulus
7 A-24 (0) SC - Resilient Modulus
1 A-7-6 (23) CL Lime Resilient Modulus
2 A-6 (17) CL Lime Resilient Modulus
4 A4 (5) CL Lime Resilient Modulus
1 |A-7-6(23) CL LFA Unconfined Compression
2 A-6 (17) CL LFA Unconfined Compression
3 A4 (1) ML LFA Unconfined Compression
4 A4 (5) CL LFA Unconfined Compression
- 7 A-24 (0) SC LFA Unconfined Compression
2 A-6 (17) CL Cement Unconfined Compression
3 A4 (1) ML Cement Unconfined Compression
4 A4 (5) CL Cement | Unconfined Compression
5 A-24 (0) SM Cement Unconfined Compression
6 A-24 (0) SM Cement Unconfined Compression
7 A-24 (0) SC Cement Unconfined Compression

*LFA - Lime-Fly Ash



CHAPTER 3 - TEST METHODS

Each soil evaluated in this study was tested to determine Unified Soil
Classification System (USCS) and AASHTO classifications. This classification testing
included Atterberg limit testing and gradation testing. The Atterberg limits were tested
using American Association of State Highway and Transportation Officials (AASHTO)
T89, “Determining the Liquid Limit of Soils” and AASHTO T90, “Determining the
Plastic Limit and Plasticity Index of Soils.” The gradation testing was accomplished
using AASHTO T11, “Materials Finer than 75mm (No. 200) Sieve in Mineral
Aggregates by Washing” and AASHTO T88, “Particle Size Analysis of Soils.” The
moisture density relationship (Proctor test) for each soil and chemically stabilized
material was developed using MDOT methods with standard effort (MT—8 and MT-9).

The strength characterization for the virgin and stabilized soils was tested using
the California Bearing Ratio (CBR), the Unconfined Compression (UC) test or the
Resilient Modulus test. The CBR test method utilized was ASTM D 1883, “Standard
Test Method for CBR (California Bearing Ratio) of Laboratory Compacted Soils.” The
stabilized soils were tested for unconfined compression strength using the standard
MDOT test method MT-26, “Compressive Strength of Soil Cement Cylinders and
Cores.”

The resilient modulus testing was performed per the NCHRP 1-28A document
entitled “Laboratory Determination of Resilient Modulus for Flexible Pavement Design,”
as was done during the development of the subgrade soils portion of the “Materials
Library” within MDOT State Study 170.

The elastic modulus, the required MEPDG input for cement and lime-fly ash
stabilized soils, is calculated from unconfined compression test results. The elastic

modulus for the cement stabilized soil is calculated from the unconfined compression

results as:
E=1200%*¢1
where;

E=Elastic Modulus

qu=unconfined compression strength, psi



For the lime-fly-ash stabilized soil, the elastic modulus is calculated as:
E =1000*(500+¢,)"

where:

E=Elastic Modulus

qu=unconfined compression strength, psi

" NCHRP, Guide for Mechanistic —Empirical Design of New and Rehabilitated Pavement
Structures, Final Report, Part 2 Design Inputs, Chapter 2 Material Characterization, Page
2.2.61, Table 2.2.42, March 2004.



CHAPTER 4 - TEST RESULTS AND ANALYSIS

In order to properly characterize the soils used in this study, classification testing
was performed. Results from classification testing are provided in Table 3. This table
includes soil classifications using both the AASHTO and USCS methods. Also included
in the table are the percent passing the 10, 40, 60 and 200 sieves; liquid limit; plastic
limit; and plasticity index. Based upon the results of the classification testing, three silty
clays (CL), one silt (ML), two silty sands (SM) and one clayey sand (SC) were tested.
These soils are generally representative of the range of materials encountered in the state

of Mississippi.

Table 3: Classification of Soils

Material Classifications | % Passing| % Passing | % Passing | % Passing Liquid| Plastic| Plasticity

et AASHTO |USCS (2.§O1rr?m) (O.Z:g m) (o.;(?ﬂm) (o.ﬁéon?m) Limit | Limit | index

1 A-7-6 (23)| CL 100 100 100 90 43 18 25

2 A-6(17) | CL 1_00 100 100 93 37 19 18

3 A-4 (1) ML 100 100 100 99 27 26 1

4 A4 (5) CL 100 100 98 83 22 14 8

5 A-2-4 (0) | SM 100 92 51 23 NP NP NP

6 A-24 (0) | SM | 100 99 76 23 19 17 2

7 A-2-4 (0) | SC 100 99 65 33 25 16 9

41 PHASEI

The phase one testing of the soils utilized traditional MDOT methods to
evaluate the strength of soils used in construction. In order to accomplish the strength
testing, the moisture-density relationships were required on all the virgin materials and
the stabilized materials. A summary of the results for the moisture-density testing is
presented in the tables of data showing the strength properties for the soils. The

moisture-density curves for each material are presented in Appendix A.



4.1.1 Virgin Soils

Table 4 presents the results from the CBR testing performed on the seven virgin

soils at optimum moisture content. Each soil was tested over a range of compactive

efforts. The CBR samples were fabricated using three layers of soil with different blows

per layer that varied from 10 to 80 in order to achieve the compaction level variations.

Comparatively, the CBR test method calls for 56 blows per layer as the standard

compactive effort (100 percent density). The percent moisture at which the samples were

molded, the percent moisture after the four day soak, the initial density (pcf), the initial

percent maximum dry density, and the percent saturation after soaking are presented in

Table 4. All CBR data is presented in Appendix B.

Table 4: Virgin Soil CBR Data at Optimum Moisture Content

Material No. 1 2 3 4 5 6 7
ASTM CL CL ML CL SM SM SC
AASHTO A-7-6 A6 A-4 A4 A-2-4 A-2-4 A-2-4
Standard Effort Proctor
Optimum Moisture, % 16.4 16.7 14.9 11.4 14.1 12.2 13.3
Maximum Dry Density, pcf 1077 10863 110.9 1205 1059 1143 116.0
Specific Gravity 2692 2663 2698 2.787 2.680 2.730 2.642
CBR using 3 lifts with Standard Hammer at Optimum Moisture

% Moisture, Initial | 15.3 - 14.6 11.8 13.9 12.0 134

10 % Moisture, Final 206 -- 23.9 17.5 19.2 18.3 19.7
Blows/Lift Density, pcf 85.1 -- 95.8 101.0 978 1027 96.3
% Density 79.0 -- 86.4 83.8 92.3 89.8 83.0

% Saturation 81.8 -- 85.1 67.6 72.5 75.8 73.1

CBR, % 0.2 -- 1.3 1.3 3.0 37 15

% Moisture, Initial 15.4 16.7 14.5 11.7 13.9 12.1 13.4

95 % Moisture, Final 24.8 21.2 19.7 14.0 15.9 15.4 15.0
Blows/Lift Density, pcf 95.8 101.3 1049 1131 1044 1104 1086
% Density 89.0 95.3 94.6 93.8 98.6 96.6 93.6

% Saturation 88.6 88.2 87.9 72.6 70.8 774 76.5

CBR, % 1.0 1.9 7.3 8.3 13.4 13.2 8.3

% Moisture, Initial | 16.1 15.4 14.4 11.8 14.0 11.6 13.3

56 % Moaisture, Final 226 20.0 17.0 12.0 14.6 13.1 131
Blows/Lift Density, pcf 10611 1068 1104 1208 107.5 1164 116.7
% Density 98.5 100.5 99.5 100.3 101.5 101.8 1006

% Saturation 104.3 95.8 87.4 76.1 70.4 771 83.9

CBR, % 27 2.8 10.3 11.2 18.3 297 17.9

% Moisture, Initial | 16.5 15.7 14.6 12.1 14.1 12.2 13.3

80 % Moisture, Final | 21.4 17.9 16.2 121 14.5 127 13.1
Blows/Lift Density, pcf 1083 1099 111.2 1207 1081 1171 1183
% Density 1006 1034 100.3 1002 1021 1024 1020

% Saturation 104.5 93.1 85.0 76.5 711 76.2 88.0

CBR, % 3.2 4.1 12.6 15.7 22.6 31.9 28.0




Figure 1 illustrates the relationship between CBR and percent maximum dry
density for each of the seven virgin materials. The data indicates the CBR values
increase as the percent of maximum dry density increases. Based upon the seven
relationships, the fine-grained silty clay materials, represented by Materials 1 and 2, had
the lowest CBR values. These two materials also had the highest plasticity indexes. The
sandy soils (Materials 5, 6 and 7) tended to have the highest CBR values at a given
percent maximum dry density level. Table 5 presents the CBR values for the seven virgin
materials at percent maximum dry density levels of 90, 95, 98, 100, and 102 percent. As
shown in this table, there are generally significant increases in CBR values between 90
and 100 percent maximum dry density. The table also shows that there are significant
increases in CBR values between 95 and 98 percent maximum dry density for the sandy
soils (Materials 3, 5, 6, and 7); however, the increase in CBR values for the plastic silty

clays (Materials 1, 2 and 4) are minimal in this range.

35.0 — —
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Figure 1: Optimum Moisture CBR Results for Virgin Soils at Various Densities



Table 5: CBR Values for Virgin Materials at Selected Density Levels — Optimum
Moisture Content

% Max. CBR Values
Dry Material Material Material Material Material Material Material
Density il 2 3 4 5 6 7
90 I 1 3 1 2 4 4
95 2 1 6 3 6 10 8
98 3 2 10 4 11 17 11
100 3 2 13 6 16 24 14
102 4 3 18 8 24 33 17

Table 6 presents the results of CBR testing conducted on each of the virgin soils
at moisture contents of optimum plus 3 percent. Again, each soil was tested over a range
of compactive efforts. As expected, the optimum plus 3 percent samples were
generally weaker than the samples molded at optimum moisture content. Figure 2 is
a graphical representation of the data in Table 6. The general trend is CBR values

increase as the percent maximum dry density increases.

Table 6: Virgin Soil CBR Data at Optimum + 3 Percent Moisture Content

Material No. 1 2 3 4 5 6 7
ASTM CL CL ML CL SM SM SC
AASHTO A-7-6 A-6 A4 A4 A-2-4 A-2-4 A-2-4
Standard Effort Proctor
Optimum Moisture, % 16.4 16.7 14.9 11.4 14.1 12.2 13.3
Maximum Dry Density, pcf 1077 1063 1109 1205 1059 1143 1160
Specific Gravity 2692 2663 2698 2787 2680 2730 2642
CBR using 3 lifts with Standard Hammer at Optimum Moisture + 3%

% Moisture, Initial 19.1 19.4 18.0 14.9 17.3 15.7 16.1

10 % Moisture, Final 29.0 24.8 22.8 15.5 17.7 15.7 17.9
Blows/Lift Density, pcf 87.4 92.6 98.0 108.5 98.7 106.2 1007
% Density 81.2 87.1 88.4 90.0 93.2 92.9 86.8

% Saturation 84.7 83.1 85.7 71.7 68.3 71.0 74.2

CBR, % 0.5 0.6 1.2 1.5 3.6 4.8 24

% Moisture, Initial 18.3 20.4 18.0 15.0 17.0 15.2 17.0

o5 % Moisture, Final 227 20.8 19.3 15.0 17.6 15.4 15.7
Blows/Lift Density, pcf 1009 1019 1053 1134 99.9 1115 1104
% Density 93.7 95.8 95.0 94.1 94.3 97.6 95.2

% Saturation 91.9 87.7 87.0 78.3 70.0 79.7 84.1

CBR, % 2.2 22 3.3 1.7 4.1 6.4 3.2

% Moisture, Initial 19.1 19.6 18.2 14.8 17.1 15.1 15.9

56 % Moisture, Final 19.6 19.8 18.4 14.8 16.8 15.5 16.0
Blows/Lift Density, pcf 1065 1047 1063 113.9 101.8 1120 1121
% Density 98.0 95.5 95.9 94.5 96.1 98.0 96.6

% Saturation 89.1 89.8 85.0 78.3 70.0 81.2 89.7

CBR, % 4.4 1.7 4.0 3.5 5.9 5.8 4.2
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Figure 2: Optimum + 3 Percent Moisture CBR Results for Virgin Soils at Various
Densities

Table 7 presents the CBR values at various density levels for the virgin materials
tested at 3 percent above optimum moisture content. Comparison of Tables 5 and 7
provide an interesting observation. The two silty clay soils with plasticity indexes of 18
and above had equal or higher CBR values when compacted at plus 3 percent
moisture while the remaining five materials all had significant decreases in CBR
values. This is illustrated in Figure 3 at 98 percent maximum dry density. Additionally,
the silty clay soil with a plasticity index of 8 (Material 4) had essentially the same CBR
value at 98 percent of maximum dry density for both target moisture contents. These two
observations about CBR values would suggest that fine grained silty clay materials
having plasticity indexes above 8 are less susceptible to slight increases in moisture

when compacted to high percentages of maximum dry density.
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Table 7: CBR Values for Virgin Materials at Selected Density Levels — Optimum + 3
Percent Moisture

% Max. CBR Values
Dry Material Material Material Material Material Material Material
Density 1 2 3 4 5 6 7
90 2 1 2 2 2 4 3
95 4 2 3 3 4 5 4
98 5 2 5 4 7 6 4
100 6 3 7 5 10 7 5
102 8 3 9 6 14 7 5
18.0

B Optimum Moisture Content
OOpt. Moisture + 3%

16.0

14.0

CBR values at 98% Maximum
Dry Density

12.0

CBR (%)

2.0 +— —_i—_

0.0 -

1 | 2 W 3 | 4 ' 5
Material (CBR Value, %)

Figure 3: Comparison of CBR Values at Optimum and Optimum + 3 Percent
Moisture for Virgin Materials

4.1.2 Stabilized Soils

As part of Phase I, testing was performed on the seven virgin materials stabilized
with either lime, cement and/or lime-fly ash materials. These stabilization methods and
materials are typical for roadway construction in Mississippi. The traditional method for
testing a lime stabilized soil is the CBR, while the typical MDOT test method for cement

and lime/fly ash stabilized soils is the unconfined compression (UC) method. Except for
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three cases discussed in the next paragraph, the lime and cement were added at 5 percent
by dry weight of soil and the lime-fly ash materials were tested with 3 percent lime and
12 percent fly ash by dry weight of soil in order to represent typical proportions of the
materials used in the chemical treatments. The samples were created using Mississippi
Test Methods 25, 27 and 79 (MT-25, MT-27 and MT-79) entitled, “Design of Soil-
Cement Mixtures,” “Design of Soil-Lime-Water Mixtures” and “Design of Soil-Lime-Fly
Ash Mixtures.”

Initially, full mix designs were not performed in order to ensure the strength
requirements were met. After the initial round of testing, five material/chemical
stabilization method combinations were chosen to be designed following MDOT standard
practices.  These five combinations are listed in Table 8 along with the resulting
chemical stabilization contents. The results of the mix design on Materials 1 and 2
agreed with the initially chosen stabilization content; therefore, no additional testing was
conducted other than that originally planned. The designs of Materials 4, 6 and 7,
however, produced different percentages of stabilization than initially tested. The
decision was made to perform additional testing on these materials. For the additional
testing, it was determined that the new A-2-4 soil intended to represent Material 7 was
significantly different than the original A-2-4 and should be presented separately;
therefore this combination will be referred to as Material 8. The additional testing
performed on Materials 4, 6 and 8 combinations mirrored the original Phase II testing
planned. Although the MDOT deign procedure selected a 3 percent design for Material
4, the additional testing was performed with 4 percent because this content is typical for
MDOT roadway construction. The Material 4 and 6 results tested at the mix design

percentages are referenced as 4R and 6R along with the original results.
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Table 8: Additional Mix Design Testin

Chemical Additive, %
Material | Classification | Stabilization N [ Additional

Additive Initial By Design Testing _

1 A-7-6| CL Lime 5 5 5

2 A-6 CL Lime 5 5 5

4 A-4 CL Cement 5 3 4

6 A-2-4| SM Cement 5 4 4

7 A-2-4| SC LFA 3 (Lime)/ 12 (FlyAsh) ~ ==

8" A-2-4| SC LFA - 4/8 4/8

*this A-2-4 was intended to represent Material #7, but after testing it was determined to evaluate this material
seperately

Table 9 presents the data from the CBR testing of the lime stabilized soils used in
this study. To build the lime stabilized CBR samples, the lime was added to the soil and
allowed to mellow for 30 minutes before compaction. The samples were compacted to
10, 25, 56 or 80 blows and soaked for 96 hours (4 days) prior to testing. Table 9 shows
the standard effort proctor results, the percent moisture before and after soaking, the
density (pcf), the percent maximum dry density, percent saturation and the CBR value for
each material. Figure 4 is a graphical representation of the test results for the lime
stabilized soils. This figure shows increased CBR values as the percent maximum dry

density increased.
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Table 9: Lime Stabilized Soil CBR Data at Optimum Moisture Content

Material No. 1 2 4
ASTM CL CL CL
AASHTO | A-76  Ab A4
Standard Efforf Proctor
Optimum Moisture 19.0 19.5 12.9
Maximum Dry Density 1026 1033 116.6
Specific Gravi 2673 2646 2.764
5% Lime treated CBR using 3 lifts with Standard
Hammer at Optimum Moisture

% Moisture, Initial - - 13.0

10 % Moisture, Final -- - 23.5

. Density, pcf -- -~ 94.8

ElesS i % Density - —~ 813
% Saturation - -- 81.7

CBR, % -- -- 8.8

% Moisture, Initial 17.6 16.6 13.2

25 % Moisture, Final 27.9 26.0 18.1
" Density, pcf 88.2 92.3 104.6
oyl % Density 86.0 89.4  89.7
% Saturation 83.1 86.5 80.1

CBR, % 10.3 9.7 26.8

% Moisture, Initial 17.7 18.5 13.6

56 % Moisture, Final 23.7 21.3 14.3
) Density, pcf 93.8 99.0 112.9
gLt % Density 914 958 96.8
% Saturation 80.6 83.6 78.5

CBR, % 25.6 33.3 61.7

% Maoisture, Initial 17.7 17.7 12.5

80 % Moisture, Final 22.3 19.4 14.1
. Density, pcf 98.5 1027 1147
Blows/Lift % Density 96.0 994 984
% Saturation 85.1 83.6 81.3

CBR, % 38.3 54.6 70.1
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Figure 4: Optimum Moisture CBR Results for Lime Stabilized Soils at Various
Densities

Table 10 provides a comparison between the virgin materials and lime stabilized
materials at various density levels. As shown in this table, the CBR values increased
significantly for all three materials that were lime stabilized. At 98 percent of
maximum dry density, the average CBR value increased significantly when

comparing virgin materials to lime stabilized materials.

Table 10: Comparison of CBR Values for Virgin Materials and Lime Stabilized
Materials — Optimum Moisture Content

% Max. CBR Values
Dry Material 1 Material 2 Material 4
Density  w/ Lime Virgin w/ Lime Virgin w/ Lime Virgin
90 18 1 10 1 27 1
95 35 2 25 1 49 3
98 51 3 42 2 69 4
100 65 3 58 2 86 6
102 83 4 81 3 106 8
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Table 11 presents the CBR data for the lime stabilized soils molded at optimum
plus three percent moisture content. Figure 5 illustrates the influence of density on the
measured CBR values for the three materials. Again, CBR vales increased as the percent

maximum dry density increased.

Table 11: Lime Stabilized Soil CBR Data at Optimum +3 percent Moisture Content

Material No. 1 2 4
ASTM CL CL CL
AASHTO | A76 A-6 A4
Standard Effort Proctor
Optimum Moisture 19.0 19.5 12.9

Maximum Dry Densit 1026 1033 116.6
5% Lime treated CBR using 3 [ifts with Standard
Hammer at Optimum Moisture + 3%
% Moisture, Initial | 20.6 211 15.6

10 % Moisture, Final 34.4 32.4 21.0

g Density, pcf 79.0 82.4 96.3
SO % Density 77 798 826
% Saturation 82.2 84.9 75.7

CBR, % 2.9 3.2 10.3

% Moisture, Initial 20.4 21.1 16.0

25 % Moisture, Final 26.9 25.3 16.6

. Density, pcf 88.9 91.9 107.5

e % Density 866  89.0 92.2
% Saturation 81.3 834 79.1

CBR, % 12.1 14.1 39.5

% Moisture, Initial 20.8 21.2 15.6

56 % Moisture, Final 23.8 21.2 15.4

. Density, pcf 96.0 100.7 113.0
Sl % Density 936 975 96.9
% Saturation 85.5 86.9 84.8

CBR, % 26.4 35.1 40.2
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Figure 5: Optimum + 3 Percent Moisture CBR Results for Lime Stabilized Soils at
Various Densities

Table 12 compares the CBR values at different density levels of virgin materials
and lime stabilized materials for samples prepared at 3 percent above optimum moisture
content. Even at the higher moisture content, the CBR values are significantly higher
for the samples that have been lime stabilized. The CBR values at 98 percent of
maximum dry density with lime stabilization average 45, while the virgin materials

averaged a CBR value of 4.

Table 12: Comparison of CBR Values for Virgin Materials and Lime Stabilized
Materials — Optimum Moisture Content + 3 percent

% Max. CBR Values
Dry Material 1 Material 2 Material 4
Density w/ Lime Virgin w/ Lime Virgin w/ Lime Virgin
90 17 2 15 1 22 2
95 32 4 28 2 36 3
98 46 5 41 2 47 4
100 58 6 52 3 57 5
102 72 8 66 3 68 6
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Figure 6 presents a comparison of CBR values for the lime stabilized materials
prepared at optimum and optimum +3 percent moisture contents at 98 percent maximum
dry density. Similar to the virgin materials, the increased moisture content did not affect
the CBR values of the higher plasticity silty clays (Materials 1 and 2) as much as the
lower plasticity silty clay (Material 4).

80.0
B Optimum Moisture Content
O Opt. Moisture + 3%
70.0 +— -
CBR values at 98% Maximum
Dry Density
60.0 -

50.0

40.0 1

CBR (%)

30.0 1

20.0 -

10.0 ¢

0.0

1 2 4
Material (CBR Value, %)

Figure 6: Comparison of CBR Values at Optimum and Optimum + 3 Percent
Moisture for Lime Stabilized Materials

Table 13 provides the results from the cement stabilized soil testing using the
unconfined compression method at various compactive efforts. This table provides the
results from the standard effort Proctor as well as the percent moisture, density (in
pounds per cubic foot and as a percentage of the maximum dry density), percent
saturation and the UC value. Note that materials 4R and 6R are the additional retests that
were performed at the designed cement contents. Figure 7 is a graphical representation
of these results. The Mississippi Test Method 25 minimum strength requirement for
cement treated materials is 200 psi for subgrades and 300 psi for bases. These values are
shown on the Figures 7 and 8 as a reference for the strengths of the tested stabilized soils.

The soils were not, with the exception of 4R and 6R, designed to meet the strength
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requirements. The percent cement content chosen was held constant through each of the

stabilized soils in order to evaluate the effect of density and moisture content on UC

strength for different soil types. Unconfined compression test results are presented in

Appendix C.

Table 13: Cement Stabilized Soil Unconfined Compression Data at Optimum

Moisture Content

Malenal No 2 3 4 4R 5 6 B8R 7
ASTM CL ML CL CL SM SM SM sSC
AASHTO AB A4 A4 Ad A-24 A-2-4 A-2-4 A-24
Stuﬂ Effort Proclor
Optmum Molsture, % 179 162 1.8 118 13.5 127 127 133
Maximum Dry Density, pcf 106.0 108,5 120.9 120.9 110.6 178 1178 1172
Specific Gravity 2.680 2713 2,798 2798 2696 2744 2744 2660
Cemant, % 5 g——: 5 4 5 5 4 5
3 Lifts with Standard Hammer at Optimum Moisture
7day 1dday] 7day 1dday| 7day 14 ﬁx 7da§ 14 mf 7day fdday| 7day 1dday| 7day 1aday] 7 day 14 da
%Moisture | 187 170 | 149 151 | 122 114 | 120 118 [ 136 135 | 124 125 | 122 125 | 128 126
10 Density, pcf | 944 942 | 1017 1014 | 1105 109.9| 1106 1105 | 1018 1020 | 107.8 107.6 | 1094 1088 | 1028 103.4
Blows/Lit % Density 891 839 | 937 935 | 914 909 | 915 914 | 920 922 | 915 913 | 929 924 | 877 882
% Saturation | 581 588 | 608 613 | 589 542 | 581 574 | 561 560 | 578 580 | 593 599 | 554 549
uc, psi 34 44 67 90 167 140 | 179 182 53 77 174 208 | 251 283 | 127 1n
% Moisture | 165 165 | 160 153 | 122 114 | 119 119 | 135 134 | 123 127 | 124 126 | 132 131
25 Density, pcf | 104.8 1050 | 1095 109.3 | 1199 119.3 | 1194 1191 | 1085 1086 | 116.3 116.0 | 1176 1172 | 1143 1146
Blows/Lit % Density 989 991 | 1008 1007 | 992 987 | 998 985 | 981 982 | 987 985 | @98 995 | 975 978
% Saturation | 743 747 | 745 755 | 749 689 | 721 715 | 661 658 | 714 733 | 746 751 | 776 77.8
uc, psi 12 155 | 127 173 | 266 303 | 247 295 88 111 | 317 305 | 356 408 | 291 322
% Moisture | 168  16.9 | 144 144 | 129 116 | 119 118 | 135 135 | 126 127 | 124 125 | 127 130
40 Density, pcf | 107.8 1079 | 1127 1123 | 12056 1227 | 121.0 1215 | 1114 1116 | 119.4 119.0| 1193 1189 | 1187 1183
Blows/Lit % Density | 101.7 1018 | 1039 1035 | 997 101.5| 1001 1005 | 1007 1009 | 101.4 41010 | 1013 1008 | 101.3 100.9
% Saturation | 817 824 | 779 770 | 805 768 | 752 756 | 713 717 | 798 794 | 783 779 | 849 857
uc, psi 147 188 | 175 208 | 238 362 | 286 336 | 104 148 | 275 352 | 352 411 | 358 484
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Figure 7: Optimum Moisture UC 14 Day Strengths for Cement

Various Densities
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Based upon Table 13 and Figure 7, the UC strength of the cement stabilized
materials increased as the percent maximum dry density increased. Table 14
summarizes the UC strength values of the cement stabilized materials at varying

percentages of maximum dry density.

Table 14: UC Values for Cement Stabilized Materials at Selected Density Levels —
Optimum Moisture Content

% Max. Unconfined Compressive Strength, psi, 14 days
Dry Material Material Material Material Material Material Material Material
Density 2 3 4 4 R 5 6 6 R 7
90 54 66 131 164 46 143 177 188
95 94 104 210 233 67 190 242 279
98 130 135 276 285 83 223 289 351
100 161 159 330 325 96 248 525 407
102 198 188 393 370 110 275 364 470

Table 15 displays the same information for the cement stabilized materials
prepared at optimum plus three percent moisture. Figure 8 is a graphical representation
of these results. This figure shows that the three compactive efforts used to fabricate
samples at different densities did not result in as wide a range of densities for
several of the materials. It is unclear why the combination of cement stabilization and
optimum plus 3 percent moisture resulted in this lower range in densities at the three
compactive efforts. However, it is likely due to an increased sensitivity to excess
moisture for these cement stabilized soils. The increased sensitivity due to the higher
moisture contents produced “pumping” during the impact compaction method more so

that the virgin materials, leading to similar densities.
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Table 15: Cement Stabilized Soil Unconfined Compression Data at Optimum + 3
Percent Moisture Content

Matanal No. 3 4 4R 5 6R 7
ASTM CL ML CL cL SM SM SM sC
AASHTO A6 Al Ad A-4 A.24 A-24 A2-4 A-24
Standard Effort Proctor
———— —— —
Optimum Maislure, % 178 162 118 11.8 135 127 127 13.3
Maximum Dry Density, pcf 106.0 108.5 1209 1209 1106 1178 117.8 172
Specific Gravily 2,680 2713 2798 2798 2606 2744 2.744 2660
Cement, % 5 5 4 5 4 5
3 lifts with Standard Hammer at Optimum + 3% Moisture
7day 14day| 7day 14day| 7day 14day ?Ey 1dday| 7day 14day| 7Tday 1dday| 7day 7idday| 7 day 1dday
%Moisture | 198 198 | 180 175 | 150 145 | 150 151 | 162 164 | 146 146 | 156 153 | 160 158
10 Densty,pcf | 978 976 | 1024 1037 | 1140 1147 | 1128 1130 [ 1041 1037 | 1121 1119 | 1113 11186 | 1079 107.7
Blows/Lift % Density 923 921 | 944 956 | 943 949 | 933 935 | 941 938 | 952 950 | 45 947 | 921 919
% Saluration | 748 744 | 748 751 | 790 776 | 766 776 | 709 711 | 761 756 | 796 785 | 792 777
Uc, psi 105 a3 70 92 158 189 | 162 208 | 56 72 138 173 | 208 245 | 206 240
% Moislure | 206 206 | 183 183 | 150 149 | 151 149 | 149 150 | 1565 148 | 1562 156 | 160 162
25 Density, pcf | 1048 1050 | 1065 1068 | 1145 1161 | 113.9 1147 | 107.7 1086 | 113.8 1143 | 1134 1133 | 1133 1132
Blows/Lift % Density 989 991 | 982 984 | 947 960 | 942 949 | 974 982 | 966 970 | 63 962 | 967 966
% Saturation | 923 931 | 843 848 | 800 826 | 793 799 | 715 737 | 843 815 | 819 838 | 916 925
uc, psi 130 140 | 67 93 182 207 | 129 173 | 60 114 | 188 191 | 170 201 | 235 296
% Moisture | 196 197 | 188 185 | 159 147 | 151 153 | 166 165 | 150 149 | 153 154 | 165 161
40 Density, pcf | 1049 1050 | 1060 1061 | 1135 1164 | 1138 1139 | 1082 1081 | 1144 1146 | 1141 1140 | 1136 1139
Blows/Lit ~ %Densty | 990 991 | 977 978 | 939 963 | 941 942 | 978 977 | 971 973 | 9 98 | 969 972
% Saturation | 884 89.2 | 854 843 | 826 821 | 790 803 | 806 799 | 829 828 | 840 843 | 951 937
uc, ps 126 148 | 53 67 166 239 | 118 166 | 60 90 188 210 | 163 181 | 240 297
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Figure 8: Optimum + 3 Percent Moisture UC 14 Day Strengths for Cement
Stabilized Soils at Various Densities
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Table 16 presents the UC strengths for the cement stabilized materials prepared at
optimum plus 3 percent moisture at various percentages of maximum dry density. Based
upon Figure 8, it is unclear whether the data shown in Table 16 for Materials 3, 4R and
6R are meaningful as the regression equations are based on a very small range of
densities. Generally, the UC strengths are less for the specimens prepared at optimum
plus 3 percent moisture than those for specimens prepared at optimum moisture content
at a given density level. Intuitively, the lower UC strengths and the negative trends
illustrated in Figure 8 suggest that moisture content, especially at 3 percent above
optimum moisture content, can have a significant influence on the performance of cement

stabilized materials.

Table 16: UC Values for Cement Stabilized Materials at Selected Density Levels —
Optimum + 3 Percent Moisture Content

% Unconfined Compressive Strength, psi, 14 days
hg?x Material Material Material Material Material Material Material Material
Densyi y 2 3 4 4R 5 6 6R 7
90 90 * 92 * 47 115 * 198
95 124 * 195 * 73 166 * 245
98 150 * 301 * 94 205 * 277
100 169 E — s 111 — * -

*Irregular results produced a negative trend

The lime-fly ash stabilized soils were also tested using the unconfined
compression test. Table 17 presents the results from the lime/fly ash unconfined
compression testing at various compactive efforts molded at optimum moisture content.
The percent moisture at compaction, the density (pcf), the percent maximum dry density,
percent saturation and the unconfined compression strength (psi) are shown in Table 16.
This information is shown for the 14 and 28 day breaks. Mississippi Test Method 79
requires minimum lime-fly-ash stabilized strength of 400 psi for subgrades and 500 psi
for bases. Figure 9 shows a graphical representation of the 28 day unconfined
compressive strength for the lime-fly ash stabilized soil molded at optimum moisture
content. Again, the soils were not designed to meet the strength requirements, except for
Material 8. With the exception of Material 8, the lime-fly ash treatment was held

constant at typical levels of three percent lime and twelve percent fly-ash in order to
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evaluate the effect of density and moisture on strength. The design for Material 8
resulted in four percent lime and eight percent fly ash. The MDOT required strengths on
Figure 9 are shown for reference purposes. Similar to other relationships shown within

this report, the strength of the stabilized materials increased as density increased.

Table 17: Lime/Fly Ash Stabilized Soil - Unconfined Compression Results at
Optimum Moisture Content

Material No. 1 2 3 4 7 8
ASTM cL cL ML CL sC SC
AASHTO A-7-6 A6 A4 A4 A-24 A24
Standard Effort Proctor
Optimum Moisture, % 17.8 19.2 15.2 13.4 14.7 1.3
Maximum Dry 105.5 1045 108.2 116.6 1135 1227
Density, pcf
Specific Gravity 2.610 2585 2615 2.691 2.567 2507 _
3% Limel12% Fly Ash treated UC using 3 Lifts with Standard Hammer at Optimum Moisture 4% Lime/8% Fly Ash
ld4day 28day|14day 28day|14day 28day|14day 28day|14day 28day| 14day 28 day
% Moisture [ 166 169 | 18.7 189 | 143 143 | 131 136 | 140 143 1.2 1.1
10 Densty,pcf| 917 915 | 227 e25 | 971 965 | 1062 1049 | 1004 907 | 1050 1049
B'ﬂ‘gs’ %Density | 89 8.7 | 887 85 | 897 892 | 911 00 | 885 878 925 92.4
% Saturation| 558 565 | 653 656 | 549 541 | 607 610 | 604 604 57.3 56.6
UG, psi 62 77 59 83 1200 343 | 223 386 | 114 201 276 515
% Moisture | 169 16.8 | 182 186 | 143 143 | 137 135 | 141 141 1.2 1.2
Biows) Densty,pcf [ 1006 1006 | 1027 1020 | 1063 1064 [ 1142 114.2 | 1109 1104 | 1117 112.1
Lft %Densty | 954 954 | o83 o76 | 982 983 [ o790 o790 | e77 973 98.4 98.8
% Saturation| 714 709 | 825 827 | ee8 700 | 783 772 | 814 803 70.1 71.1
UG, psi 201 25 | 183 229 | 285 725 | 386 500 | 272 520 332 524
%Moisture | 174 171 | 1868 186 | 143 141 | 124 124 | 143 144 1.1 1.1
Blows) Densty.pof | 1042 1048 | 1053 1050 | 1101 1097 | 119.4 1181 | 1140 1138 [ 1130 113.4
Lft % Densiy | 88 903 | 1008 1005 | 101.8 1014 | 1024 1013 | 1004 1003 | 996 99.9
% Saturation| 794 805 | e05 897 | 777 757 | 821 792 | 905 908 72.5 73.3
UG, psi 278 352 | 21 288 | 348 836 | 430 754 | 300 578 334 567
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Figure 9: Optimum Moisture UC 28 Day Strengths for Lime/Fly Ash Stabilized
Soils at Various Densities

Table 18 summarizes the UC strengths for the five lime/fly ash stabilized
materials prepared at optimum moisture content at various percentages of maximum dry
density. Similar to the other material combinations tested, the trend in UC strength

is an increase with increasing density.

Table 18: UC Values for Lime/Fly Ash Stabilized Materials at Selected Density
Levels — Optimum Moisture Content

% Max. Dry Unconfined Compressive Strength, psi, 28 days
Density Material 1  Material 2 Material 3  Material 4 Material 7 Material 8
90 150 97 363 352 288 500
95 275 166 535 . 487 451 525
98 390 227 668 588 583 540
100 489 277 771 664 689 549
102 610 338 889 748 811 559
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Table 19 presents the results from the lime-fly ash unconfined compression
testing that were molded at optimum plus 3 percent moisture. Figure 10 shows a
graphical representation of the 28 day unconfined compressive strengths for the lime-fly
ash stabilized soil molded at optimum moisture content plus 3 percent. Similar to the
cement stabilized results, the addition of 3 percent moisture above optimum resulted
in a smaller range of densities at the given compactive efforts than the samples

prepared at optimum.

Table 19: Lime/Fly Ash Stabilized Soil - Unconfined Compression Results at
Optimum + 3 Percent Moisture Content

Material No, 1 2 3 4 7 8
ASTM CL CL ML CL SC SC
AASHTO A-7-8 A-6 A4 A-4 A-2-4 A-2-4
Standard Effort Proctor
Optimum Moisture, % 17.8 19.2 152 134 14.7 11.3
Gl iy 105.5 104.5 108.2 116.6 135 1227
Density, pcf
Specific Gravity 2.610 2585 26815 2691 2.567 2.507
3% Lime/12% Fly Ash treated UC using 3 Lifts with Standard Hammer at Optimum Moaisture + 3% 4% Lime/8% Fly Ash
14 day 28 day| 14day 28 day| 14day 28day|14day 28day|14day 28day| 14day 28 day
% Moisture 196 19.5 20.9 213 17.2 17.2 15.3 168 16.6 17.0 14.3 14.0
Blows/ Density, pcf 94,8 94.0 95.8 93.9 98.6 98.6 111.0 109.7 | 102.9 102.6 106.5 106.7
Lift % Density 89.9 89.1 91.7 89.9 91.1 91.1 952 941 90.7 90.4 93.8 4.0
% Saturation| 71.3 69.5 79.1 76.8 68.6 68.6 80.2 80.0 76.6 77.8 76.4 75.3
UcC, psi 116 131 84 87 118 402 265 528 147 251 141 277
% Moisture 20.0 20.2 21.8 23.9 17.4 17.4 153 16.1 16.8 16.8 14.0 14.0
Blows/ Density, Pcf 102.8 102.8 1014 99.6 107.3 107.4 113.5 112.4 | 110.9 111.0 106.8 107.3
Lift % Density 974 97.4 97.0 95.3 99 2 99.3 97.3 964 97.7 97.8 94.1 94.5
% Saturation| 89.3 90.1 95.3 99.7 87.5 87.7 857 88.0 97.0 97.3 75.6 76.6
UC, psi 278 323 106 164 231 545 221 395 218 392 127 227
% Moisture 196 19.7 20.9 21.0 17.6 17.5 11553 155 16.8 16.9 14,1 14.0
Blows/ Density, pcf | 105.1 104 4 103.0 103.2 107.9 1079 | 113.0 113.5 111.9 111.6 106.7 106.9
Lift % Density 99.6 99.0 98.6 98.8 99.7 99.7 96.9 97.3 98.6 28.3 94.0 94 2
% Saturation| 93.0 91.9 95.5 96.5 89.8 89.3 84.9 86.7 100.0 99.5 75.8 75.8
UC, psi 275 357 130 175 190 408 205 472 225 353 110 203
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Figure 10: Optimum + 3 Percent Moisture UC 28 Day Strengths for Lime/Fly Ash
Stabilized Soils at Various Densities

Table 20 summarizes the unconfined compressive strengths for the lime/fly ash
stabilized samples prepared at a moisture content 3 percent above optimum.
Collectively, these UC values are less than those determined for the samples
prepared at optimum moisture content. Figure 11 compares the UC strengths for

samples prepared at the two moisture contents at a maximum dry density of 98 percent.

Table 20: UC Values for Lime/Fly Ash Stabilized Materials at Selected Density
Levels — Optimum + 3 Percent Moisture Content

% Max. Dry Unconfined Compressive Strength, psi, 28 days
Density Material I Material 2 Material 3 Material 4 Material 7 Material 8
90 61 92 396 * 223 N
95 102 139 434 iy 288 4
98 137 177 458 N 335 *
100 167 207 474 & 369 *

* Irregular results produced a negative trend
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Figure 11: Comparison of CBR Values at Optimum and Optimum + 3 Percent for
Lime/Fly Ash Stabilized Materials

42 PHASEII

The Phase II portion of this study examined the strength of typical Mississippi
soils under the new MEPDG protocols. The MEPDG recommends that virgin soils and
lime stabilized soils be tested using resilient modulus test procedures. The elastic
modulus is the recommended strength property for cement and lime/fly ash stabilized
soils. The elastic modulus was calculated from the unconfined compression testing that

was accomplished in Phase I.

4.2.1 Virgin Soils

Table 21 presents the resilient modulus results from the testing of the virgin soils.
Each result is the average of testing three replicate specimens. The compactive effort was
varied in order to create a range of densities in the soil samples; however, compaction of
five layers as prescribed by NCHRP 1-28A was followed. The number of blows per

layer was varied between the different soil types in order to achieve a range of
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compaction levels, but held constant for each of the soil lifts within a single sample. As

noted in Table 21, the resilient modulus averages represented a single stress state.

Appendix D displays the resilient modulus data for the virgin soil testing at optimum

moisture content.

Table 21: Virgin Soil Resilient Modulus Testing at Optimum Moisture Content

Material Classiseations Compaction Density, % Saturation, g /8age Mg _ St ng.
No. aasHTo | uscs Level b % Kq Ko Ks Average, psi| psi
1 A-7-6 (23)] CL Low 89.5 61.6 729.0 | 0.567|-2.081 6698 409
1 A-7-6 (23)] CL Medium 95.7 71.0 8451 |1 0.551|-1.950 7943 1398
1 A-7-6(23)] CL High 98.8 76.7 1126.4]0.502| -2.272 10377 318
2 A6(17) | CL Low 93.3 60.0 1520.8|0.314| -2.604 14467 771
2 AB6(17) | CL Medium 9.6 71.9 1724.5|0.269|-2.077 17783 2116
2 AB6(17) | CL High 105.0 88.4 2168.9]0.386|-1.785| 22190 2013
3 A-4 (1) ML Low 91.8 61.5 7184 |1.080|-1.643 5771 1722
3 A-4(1) ML Medium 95.4 68.2 867.9 | 0.856|-1.486 7668 395
3 A-4 (1) ML High 100.5 77.7 894 .8 | 0.930]-1.529 7652 635
4 A-4 (5) CL Low 89.8 51.8 1070.5|0.754|-1.872 9389 238
4 A-4(5) CL Medium 95.4 60.9 1306.0| 0.729] -1.921 11499 125
4 A-4 (5) CL High 1011 733 1248.7|0.838]-1.854 10645 1380
5 A-2-4(0)| SM Low 96.2 59.0 1049.8| 0.925]-1.339 9192 719
5 A-2-4(0)| SM Medium 100.7 65.6 1090.0] 0.883]-1.060 10036 375
5 A-2-4(0)| SM High 103.3 68.7 1096.8] 0.892|-1.021 10109 178
6 A2-4(0)| SM Low 94.9 60.8 7955 10.829]|-0.575 15473 321
6 A-2-4(0) | SM Medium 99.0 67.9 867.6 |0.779]|-0.535 16603 1185
6 A-2-4(0)| SM High 102.3 724 8736 |0.804|-0.528 16980 845
7 A-2-4(0)| SC Low 94.6 70.7 1366.7] 0.644|-1.081 16913 1616
7 A-2-4(0)| SC Medium 1003 83.9 1446.1]10.671]-1.077 20922 1223
7 A2-4(0)| SC High 1026 92.1 1006.2|0.917]-1.262 22489 909

Note: My calculated using a standard stress state of o4 = 6 psi; 0,,03 = 2 psi except 6 and 7 which used a
standard stress state of a1 = 15 psi; 02,03 = 5 psi
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Figure 12 illustrates the relationships between resilient modulus and percent

maximum dry density. As shown in Figure 12, resilient modulus increases as the

percent maximum dry density increases.

Interestingly, the influence of percent

maximum dry density at optimum moisture content on resilient modulus appears to be

greatest (i.e., steepest slope) for the three soils with the three highest plasticity indexes

(Materials 1, 2 and 7). Table 22 compares resilient modulus values for each of the seven

virgin materials at various levels of density.
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Figure 12: Results of Resilient Modulus Testing on Virgin Materials — Optimum

Moisture Content

Table 22: Resilient Modulus Values for Virgin Materials at Selected Density Levels
— Optimum Moisture Content

% Max. Resilient Modulus, psi
Dry Material Material Material Material Material Material Material
Density 1 2 3 4 5 6 7
90 6645 13442 5811 9897 8455 14656 14400
95 8297 15989 6762 10467 9073 15617 17240
98 9479 17743 7405 10825 9465 16223 19206
100 10359 19019 7868 11070 9735 16641 20640
102 11322 20385 8359 11321 10014 17069 22181
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Table 23 presents the resilient modulus results from the optimum plus three
percent moisture samples at a range of densities. The resilient modulus results are again
presented at a standard stress state. These samples were created with the same
compactive efforts (blows per lift) as the respective optimum moisture samples.
Materials 4, 5, 6 and 7 were unstable because of the increased moisture and could
not be tested. These samples were either damaged/destroyed during the unmolding
process or by the small contact load applied at the start of the test. Comparing the
results presented in Tables 21 and 23, it appears that for those soils that could be tested,
the addition of 3 percent moisture reduced the resilient modulus by approximately
half. Appendix E displays the resilient modulus data for the virgin soil testing at

optimum plus three percent moisture content.
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Table 23: Virgin Soil Resilient Modulus Testing at Optimum + 3 Percent Moisture

Content
Material Classifications Compaction Density, % Saturation, Average Mg St Dev,
No. AASHTO | Uscs Level ’ % K; Ks Ks Average, psi| psi
1 A-7-6 (23)| CL Low 91.2 711 4502 | 0.600]-2.251 3998 863
1 A-7-6(23)| CL Medium 93.8 791 462.0 | 0.599]-1.276 4320 164
1 A-7-6 (23)| CL High 98.3 87.1 6004 | 0.702| -2.665 4884 145
2 A6(17) | CL Low 95.3 78.7 1256.9|0.250| -3.376 11164 628 I
2 A6(17) | CL Medium 98.4 87.6 1359.3| 0.244| -3.576 11813 127
2 A6(17) | CL High 101.2 94.7 1332.3]|0.226| 4.109 10931 708
3 A-4 (1) ML Low 94.0 77.5 7339 |1.046]-2.000 5664 26
3 A-4 (1) ML Medium 97.1 83.3 6132 | 1.135|-1.601 4802 241
3 A-4(1) ML High 97.3 86.4 NT NT NT NT NT
4 A-4(5) CL Low 95.4 78.0 NT NT NT NT NT
4 A-4 (5) CL Medium 95.6 787 NT NT NT NT NT
4 A-4 (5) CL High 95.6 79.5 NT NT NT NT NT
5 A-2-4(0) | SM Low 95.3 67.3 NT NT NT NT NT
5 A-2-4(0)| SM Medium 95.9 68.5 NT NT NT NT NT
5 A2-4(0) SM High 97.5 70.8 NT NT NT NT NT
6 A2-4(0) SM Low 9.9 747 NT NT NT NT NT
6 A-2-4(0) | SM Medium 96.6 78.9 NT NT NT NT NT
6 A2-4(0)| SM High 98.3 80.3 NT NT NT NT NT
7 A2-4(0)| SC Low NA NA NT NT NT NT NT
7 A2-4(0)| SC Medium 96.3 90.5 NT NT NT NT NT
7 A-2-4(0)| SC High 96.2 89.1 NT NT NT NT NT

Note: Mg calculated using a standard stress state of o, = 6 psi; 0,,0; = 2 psi except 6 ad 7 which used a
standard stress state of a1 = 15 psi; 62,03 = 5 psi, NT: Not testable at optimum+3% moisture

4.2.2 Stabilized Soils

Tables 24 and 25 present the resilient modulus results from the lime stabilized soil
testing at optimum and optimum plus 3 percent moisture content, respectively. The lime
stabilized soils were molded at the prescribed moisture content and then allowed to

mellow for four days in a concrete curing humid room before resilient modulus testing.
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The time period of four days was chosen because this is the same time period used for
CBR testing. Material 1 was not tested in triplicate because of the limited availability of
the soil. Appendices F and G display the resilient modulus data for the lime stabilized soil
testing at optimum moisture content and optimum plus three percent moisture,

respectively.

Table 24: Lime Stabilized Soil Resilient Modulus Testing at Optimum Moisture
Content

Material Classifications Compaction Density, % Saturation, Average Mg _ St Dc_ev.
No. AASHTO | uscs Level ’ % K, K, Ks Average, psi| psi
1 A-7-6 (23)] CL Low 9.7 66.9 1911.8]/0.685] -1.281 28313 NA
1 A-7-6(23)|] CL Medium 97.9 70.9 2725.4|0.841]-1.912 36790 NA
1 A-7-6 (23)] CL High 98.7 82.9 2580.1]0.664|-0.877 42281 NA
2 A6(17) | CL Low 90.6 66.7 1935.6|0.691]|-1.036 30600 2861
2 A-6(17) | CL Medium 96.3 77.8 2338.2|0.919]|-0.852| 43814 4027
2 A-6 (17) | CL High 10141 88.5 1832.8|0.577| 0.339 37836 755
4 A-4 (5) CL Low 85.9 50.4 1702.5]0.845|-0.534 29313 3126
4 A-4 (5) CL Medium 94.6 63.9 3263.7|0.797|-1.538 47529 8176
4 A-4 (5) CL High 99.8 74.5 3151.410.769]-1.312 48385 4449

Note Mg calculated Using a Standard Siress Sate of 0, =6 psi 05,05 =2 psI
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Table 25: Lime Stabilized Soil Resilient Modulus Testing at Optimum + 3 Percent
Moisture Content

Material Classifications Compaction Density, % Saturation, Average Mg | St ng,
No. AASHTO | Uscs Level ’ % Kq Ko Ks Average, psi| psi
1 A-7-6(23)| CL Low 92.5 70.8 1947.7]0.697|] -1.494 18277 NA
1 A-7-6(23)] CL Medium 97.1 87.6 2347.7]0.767]-1.804| 20657 NA
1 A-7-6 (23)| CL High 98.9 88.6 1869.8|0.839]-2.193 15187 NA
2 A6(17) | CL Low 80.7 77.0 2519.3|0.668|-1.289( 24510 1691
2 A6(17) | CL Medium 96.1 894 3344.010.702|-1.306| 32054 2015
2 A6(17) | CL High 98.3 95.1 1981.4|0.762| -1.307 18509 538
4 A-4 (5) CL Low 89.9 68.6 2615.6|0.773|-1.746| 23147 1418
4 A-4 (5) CL Medium 95.4 82.1 1904.3|0.920]-2.172 15164 2385
4 A-4 (5) CL High 96.3 80.1 1825.9]0.934] -2.505 13854 1195

Note: M calculated using a standard stress state of o, =6 psi; 0,,0; =2 psi

Resilient modulus test results for the lime stabilized soils prepared at optimum
moisture content are illustrated in Figure 13. Figure 13 presents the resilient modulus test
values versus the percent maximum dry density for the molded specimens. As expected,
the resilient modulus values increased as the percent maximum dry density
increased. Figure 14 compares the resilient modulus of the virgin soils and lime
stabilized soils at 98 percent maximum dry density. As shown in this figure, the
resilient modulus of the lime stabilized soils is significantly higher than the virgin

soils.
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Figure 15 illustrates the relationship between resilient modulus and percent
maximum dry density for lime stabilized materials prepared at 3 percent moisture above
optimum. For Materials 1 and 2, the highest density point was removed from the
regression, because of the drastic reduction in resilient modulus with only a slight
increase in density. Interestingly, one of the three relationships shown in this figure,
resulted in a negative slope or decreasing resilient modulus for increasing percent
maximum dry density. It is unclear if this trend is significant or the by-product of test

sample preparation or test variability.
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Figure 15: Resilient Modulus Values for Lime Stabilized Materials - Optimum + 3
Percent Moisture Content

Tables 26 and 27 present the calculated elastic modulus values for the cement
stabilized soils. These tables are similar to Tables 13 and 15 with the addition of the
elastic modulus. Since the elastic modulus is a calculated property form the UC results,

the trends are identical to the strength.
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Tables 28 and 29 show the calculated elastic modulus values for the lime-fly ash

stabilized soils. These tables are similar to Tables 17 and 19 with the addition of the

elastic modulus. Again, because the elastic modulus is a calculated property, the trends

will be identical to the unconfined compression strength.

Table 28: Lime-Fly-Ash Stabilized Soil Elastic Modulus Calculations at Optimum
Moisture Content

Material No. 1 2 3 4 7 8
ASTM CL CL ML CL SC SC
AASHTO A7-6 A6 A4 A4 A-2-4 A-24
Optimum Moisture, % 17.8 19.2 152 134 147 11.3
Maximum Dry 105.5 104.5 108.2 116.6 113.5 1227
Density, pcf
SECiI‘:c Gravity 2.610 2.585 2615 2,691 2.567 2.507
3% Limel12% Fly Ash treated UC using 3 Lifts with Standard Hammer at Optimum Moisture 4% Lime8% Fly Ash
l4day 28day| 14day 28day| 14day 28day | 14day 28 day |14day 28 day 14 day 28 day
10 % Mqisture 16.6 16.9 18.7 18.9 14.3 14.3 13.1 13.6 14.0 14.3 11.2 1.1
Blows/ Density, pcf 97 91.5 927 92.5 97.1 86.5 106.2 104.9 100.4 99.7 105.0 104.9
Lift % Density 86.9 86.7 88.7 88.5 89.7 89.2 91.1 90.0 885 87.8 92.5 924
% Saturation 558 56.5 65.3 65.6 549 54.1 60,7 61.0 604 604 57.3 56.6
UC, psi 62 77 59 83 129 343 223 366 114 201 276 515
Elastic Medulus, psi | 561,500 577,000|558,500 582,500 628,500 842,500 723,000 866,000 [614,000 701,000 775,500 1,014,500
25 % Moisture 16.9 16.8 18.2 18.6 14.3 14.3 137 135 14.1 141 1.2 11.2
Blows/ Density, pcf | 100.6 1006 102.7 102.0 106.3 106.4 114.2 114.2 110.9 1104 1117 1121
Lift % Density 954 95.4 98.3 97.6 98.2 98.3 97.9 97.9 97.7 97.3 98.4 98.8
% Saturation | 71.4 70.9 825 827 69.8 70.0 783 77.2 814 80.3 701 711
UC, psi 201 25 183 229 265 725 356 590 272 520 332 524
Elastic Modulus, psi | 700,500 725,000|683,000 729,000] 765,000 1,225,000] 856,000 1,089,500| 771,500 1,019,500| 832,000 1,024,000
% Moisture 171 17.1 18.6 18.6 14.3 14.1 124 124 14.3 14.4 1.1 1.1
Blows/ Denstty, pcf | 104.2 104.8 105.3 105.0 110.1 109.7 119.4 118.1 114.0 113.8 113.0 1134
Lift % Density 98.8 99.3 100.8 1005 101.8 101.4 102.4 101.3 100.4 100.3 99.6 99.9
% Saturation 794 80.5 90.5 89.7 77.7 75.7 821 79.2 905 280.8 72.5 73.3
UC, psi 278 352 221 288 348 836 430 754 300 578 334 567
Elastic Modulus, psi | 777,500 851,500]720,500 788,000} 848,000 1,336,000 930,000 1,253,500( 799,500 1,078,000 833,500 1,067,000
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Table 29: Lime-Fly-Ash Stabilized Soil Elastic Modulus Calculations at Optimum +
3 Percent Moisture Content

Material No. 1 2 3 4 7 B
ASTM CL CL ML CL sC sC
AASHTO A-7-8 A6 A-4 A-4 A-2-4 A-2-4
Standard Effort Prctior
Optimum Moisture, % 17.8 19.2 152 134 14,7 1.3
Haxqumibiy 105.5 104.5 1082 1166 1135 1227
Density, pcf
Specific Gravity 2.610 2585 2.615 2,691 2.567 2,507
3% Lime/12% Fly Ash treated UC using 3 Lifts with Standard Hammer at Optimum Moisture + 3% 4% Lime/8% Fly Ash
ldday 28day|14day 28day|14day 28day |14day 28day |14day 28day 14 day 28 day
10 % Mqisture 19.6 19.5 20.9 21.3 17.2 17.2 153 15.8 16.6 17.0 14.3 14.0
Blows/ Density, Pcf 948 84.0 95.8 93,9 98.6 98.6 111.0 109.7 102.9 102.6 106.5 106.7
Lift % Density 89.9 89.1 N7 89.9 91.1 91.1 95.2 94.1 80.7 90.4 83.8 94.0
% Saturation| 71.3 69.5 79.1 76.8 68.6 68.6 80.2 80.0 76.6 77.8 76.4 75.3
UC, psi 116 131 84 87 118 402 265 528 147 251 141 277
Elastic Modulus, psi | 616,000 630,500]584,000 587,000] 617,500 902,000 | 765,000 1,028,000|647,000 750,500 | 640,500 777,000
25 % Moisture 20.0 20.2 21.8 23.9 17.4 17.4 15.3 16.1 16.8 16.8 14.0 14.0
Blows/ Denstty, pef | 102.8 102.8 101.4 99.6 107.3 107 .4 113.5 112.4 110.9 111.0 106.8 107.3
Lift % Density 974 97.4 97.0 95.3 99.2 99.3 97.3 96.4 97.7 97.8 94.1 24.5
% Saturation| 89.3 90.1 95.3 99.7 87.5 87.7 85.7 88.0 97.0 g7.3 75.6 76.6
Uc, psi 278 323 106 164 231 545 221 395 218 392 127 227
Elastic Modulus, psi | 777,500 823,0001606,000 664,000] 730,500 1,045,000| 721,000 895,000 [718,000 892,000 | 627,000 727,000
40 % Moisture 19.6 19.7 20.9 21.0 17.6 17.5 15.3 15.5 16.8 16.9 14.1 14.0
Blows/ Density, pcf | 105.1 1044 103.0 103.2 107.9 107.9 113.0 113.5 111.9 111.6 106.7 106.9
Lift % Density 986 99.0 98.6 98.8 99,7 99,7 96.9 97.3 98.6 98.3 94.0 94.2
% Saturation| 93.0 91.9 95.5 96.5 89.8 89.3 84.9 86,7 100.0 99.5 75.8 75.8
UC, psi 275 357 130 175 190 408 205 472 225 353 110 203
Elastic Modulus, psi | 774,500 857,0001629,500 674,500] 689,500 908,000 | 705.000 971,500 |724,500 852,500 | 610,000 703,000
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5.1

CHAPTER 5 - CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The objective of this study was to conduct laboratory evaluations to quantify the

effects of compaction and moisture conditions on the strength of chemically treated soils

typically utilized in pavement construction in Mississippi. In order to accomplish these

objectives, seven virgin soils typical of Mississippi were selected. Strength tests were

conducted on these virgin materials in order to develop baseline strength data. Next, these

selected soils were combined with lime, cement, and/or lime/fly ash to represent typical

stabilized materials. Tests conducted to evaluate strength properties within this study

included the CBR, unconfined compression test and resilient modulus. Based upon the

analyses of test results obtained using these tests, the following are concluded:

There is an influence of density on the results of CBR testing on raw (virgin) soils.
As the percent maximum dry density increases, CBR values increased. The influence
of density on sandy soils was more prevalent than for the finer-grained silty clay
soils.

There is an influence of density on the results of CBR testing on raw soils prepared at
3 percent above optimum moisture content. As the percent maximum dry density
increases, CBR values increased.

There is an influence of increased moisture content (plus 3 percent) on the results of
CBR testing of raw soils. For the raw soils having a plasticity index greater than 8,
the addition of 3 percent moisture above optimum resulted in similar or higher CBR
values. Fine grained silts and sandy soils, the addition of the 3percent moisture
resulted in significantly lower CBR values.

There is an influence of density on the results of CBR testing of lime stabilized soils.
As the percent maximum dry density increases, CBR values increased. '

The addition of lime to the tested raw soils significantly increased the CBR values. At
98 percent of maximum dry density, the average CBR value increased from 3 to 54

when comparing virgin soils to lime stabilized soils.
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5.2

There is an influence of increased moisture on the results of CBR testing of lime
stabilized soils. However, this influence was more pronounced on CL soils having a
plasticity index of 8. The influence of the increased moisture content was minimal for
the two soils having a plasticity index greater than 18.

There is an influence of density on the results of unconfined compression testing on
cement stabilized soils. As the percent maximum dry density increased, the
unconfined compressive strength increased.

Generally, the unconfined compressive strengths were lower for cement stabilized
soils when 3 percent above optimum moisture was added.

There is an influence of density on the results of unconfined compression testing for
lime/fly ash treated soils. Compressive strength increased as the percent maximum
dry density increased.

The unconfined compressive strengths were lower for lime/fly ash treated soils when
3 percent above optimum moisture was added.

There is an influence of density on the results of resilient modulus testing of raw
soils. Resilient modulus increases as the percent maximum dry density increases.
The chemical treatment of the virgin soils significantly increases resilient modulus.
Specimen prepared at 3 percent optimum produced inconsistent density and strength

values.

Recommendations
Compaction requirements for the subgrade soils and chemically treated layer should
be at least 98 percent of standard Proctor density.
Subgrade and chemically treated material strengths can be significantly improved if
compaction requirements are increased to 100 percent of standard Proctor density.
Chemically treating the top 6 to 9 inches of subgrade and base layers should be
required to improve structural strength, integrity and capacity of pavement structure.
Field moisture contents should not exceed the optimum moisture content by 3
percent. Moisture content control will reduce the potential to decrease the strengths

of chemically stabilized subgrade and base materials.
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Appendix A

Standard Proctor Density Curves
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Ridgeland, Mississippi

"BURNS COOLEY DENNIS, INC.

Fig_;ure
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COMPACTION TEST REPORT
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Test specification: MS DOT (2005) Case 1
Elev/ Classification Nat. % > % <
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Depth USCS AASHTO Moist. P.G #4 | No.200
2.660
TEST RESULTS MATERIAL DESCRIPTION
Cement Treated - 5%

Maximum dry density = 117.2 pef

Optimum moisture = 13.3 %

SC Class 9 Group C; Material 7

Project No. 070904
Project: MDOT SS 205

Client:

BURNS COOLEY DENNIS, INC.

Ridgeland, Mississippi

Remarks:

Figyre A20

Tested By:
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COMPACTION TEST REPORT
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Test specification. MS DOT (2005) Case 1
Elev/ Classification Nat. % > % <
Sp.G. LL PI
Depth USCS AASHTO Moist. | “F #4 | No.200
2.567

TEST RESULTS

MATERIAL DESCRIPTION

Maximum dry density = 113.5 pef

Optimum moisture = 14.7 %

Lime/Fly Ash Treated (3%L/12%FA)
SC Class 9 Group C; Material 7

Project No. 070904 Client:
Project: MDOT SS 205

BURNS COOLEY DENNIS, INC.

Ridgeland, Mississippi

Remarks:

F_ig_;ure
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Dry density, pcf

COMPACTION TEST REPORT

Project: MDOT SS 205
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Test specification: MS DOT (2005) Case 1
Elev/ Classification Nat. % > % <
.G. LL Pl
Depth Uscs AASHTO Moist. Sp #4 No.200
2.507
TEST RESULTS MATERIAL DESCRIPTION
: o 3% Lime / 12% Fly Ash
Maximum dry density = 122.7 pcf SC, A-2.4, Material 8
Optimum moisture = 11.3 %
Project No. 070904 Client: Remarks:
8/3/2010

BURNS COOLEY DENNIS, INC.

Ridgeland, Mississippi

Figure A22
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Appendix B

California Bearing Ratio (CBR) Results






BEARING RATIO TEST REPORT
ASTM D 1883-99
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Penetration Depth (in.) Elapsed Time (hrs)
| Molded Soaked CBR (%) Linearity Surcharge | Max-
Density Percent of Moisture Density Percent of Moisture 0.10i 0.20i Correction (Ibs )g Swell
(pcf) Max. Dens. (%) (pcf) Max. Dens. (%) gV n- 201N (in.) . (%)
10 85.1 79 15.3 83.7 71.8 30.5 0.2 0.2 0.081 10 1.6
2 A 84.8 78.7 15.3 83.5 77.5 28.9 0.2 0.3 0.066 10 1.6
3O
: : Max. Optimum
Mateda' Doscription USCS Dens. Moisture LL PI
Tan silty clay {pef) el
CL A-7-6; Material 1 CL 107.7 16.4 43 25

Date:

Project No: 070904
Project: MDOT SS 205

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS, INC.

Standard hammer
3 layers - 10 blows/layer
Optimum Moisture Content

Test Description/Remarks:

Figure Bl




BEARING RATIO TEST REPORT
ASTM D 1883-99
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Molded _____ Soaked CBR (%) Linearity |¢o o Max.
Density Percent of Moisture Density Percent of Moisture 0.10in 0.20 Correction uz::) sa)r %€ | swell
{pcf) Max. Dens. (%) (pcf) Max. Dens. (%) S ~ELIn: (in.) - (%)
10 96.0 89.1 15.4 94.2 874 25.0 1.1 1.0 0.000 10 2
2 A 96.0 89.1 154 94.1 874 24.5 0.9 1.0 0.000 10 2
30 |
= = Max. Optimum
pateilgiescription UscCs Dens. Moisture LL Pl
Tan silty clay {pel) 2}
CL A-7-6; Material 1 CL 107.7 16.4 43 25

Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 25 blows/layer

Optimum Moisture Content

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS Figure B2




BEARING RATIO TEST REPORT
ASTM D 1883-99
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Material Description Uscs Dens. Moisture LL Pl
Tan silty clay {oct) ()
CL A-7-6; Material 1 CL 107.7 16.4 43 25
Project No: 070904 Test Description/Remarks:
Project: MDOT SS 205 Standard hammer
3 layers - 56 blows/layer
Optimum Moisture Content
Date:
BEARING RATIO TEST REPORT
BURNS COOLEY DENNIS, INC. Figure B3




BEARING RATIO TEST REPORT
ASTM D 1883-99
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(pcf) Max. Dens. (%) (pcfh) Max. Dens. (%) S (o (in.) g (%)
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3 N
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NisrialDescrintion uUscs Dens. Moisture LL Pl
Tan silty clay {pcl) (el
CL A-7-6; Material 1 CL 107.7 16.4 43 25

Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 80 blows/layer

Optimum Moisture Content

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS Figure B4




ASTM D 1883-99
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Density Percent of Moisture Density Percent of Moisture 0.40i 0.20 i Correction (Ibs )g Swell
(pcf) Max. Dens. (%) (pcf) Max. Dens. (%) il UM (in.) ] (%)
10 87.4 81.2 19.1 86.0 79.8 29.0 0.5 0.4 0.000 10 1.7
2 A
30
Material Description Max. Optimum
uscs Dens. Moisture LL Pl
Tan silty clay {pct) Ca)
CL A-7-6; Material 1 CL 107.7 16.4 43 25

Date:

Project No: 070904
Project: MDOT SS 205

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS, INC.

Standard hammer
3 layers - 10 blows/layer
Optimum Moisture Content + 3%

Test Description/Remarks:

Figure B5




BEARING RATIO TEST REPORT
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2 AN
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MatvalDogerintion USCs Dens. Moisture LL Pi
Tan silty clay {pel) (%)
CL A-7-6; Material 1 CL 107.7 16.4 43 25

Date:

Project No: 070904
Project: MDOT SS 205

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS, INC.

Standard hammer
3 layers - 25 blows/layer
Optimum Moisture Content + 3%

Test Description/Remarks:

Figure B6




BEARING RATIO TEST REPORT
ASTM D 1883-99
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2 A '
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Material Description USCS Dens. Moisture LL Pl
Tan silty clay {pef], a1
CL A-7-6; Material 1 CL 107.7 16.4 43 25

Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 56 blows/layer

Optimum Moisture Content + 3%

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS

Figure B7




BEARING RATIO TEST REPORT
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Material Description Uscs Dens. Moisture LL Pl
Lime Treated - 5% {ech) el
CL A-7-6; Material 1 102.6 19.0
Project No: 070904 Test Description/Remarks:
Project: MDOT SS 205 Standard hammer
3 layers - 25 blows/layer
Optimum Moisture Content
Date:
BEARING RATIO TEST REPORT
BURNS COOLEY DENNIS, INC. Figure BS




BEARING RATIO TEST REPORT
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Project No: 070904 Test Description/Remarks:
Project: MDOT SS 205 Standard hammer
3 layers - 56 blows/layer
Optimum Moisture Content
Date:
BEARING RATIO TEST REPORT
BURNS COOLEY DENNIS, INC. Figure B9




BEARING RATIO TEST REPORT
ASTM D 1883-99
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(pcf) Max. Dens. (%) (pcf) Max. Dens. {%) )} i ’ J (in.) ) (%)
10 98.5 96 17.7 98.4 95.9 22.3 38.3 38.1 0.000 10 0.1
2 A
30
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Material Depcription USCS Dens. Moisture LL Pl
Lime Treated - 5% {nef) ()
CL. A-7-6; Material 1 102.6 19.0
Project No: 070904 Test Description/Remarks:
Project: MDOT SS 205 Standard hammer
3 layers - 80 blows/layer
Optimum Moisture Content
Date:
BEARING RATIO TEST REPORT
BURNS COOLEY DENNIS, INC. Figure B10




BEARING RATIO TEST REPORT
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phatona) Descrption USCs Dens. Moisture LL PI
Lime Treated - 5% {oef) %)
CL A-7-6; Material 1 102.6 19.0

Project No: 070904
Project: MDOT SS 205

Date:

Test Description/Remarks:

Standard hammer
3 layers - 10 blows/layer
Optimum Moisture Content + 3%

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS

Figure B11




BEARING RATIO TEST REPORT
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BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS

Standard hammer
3 layers - 25 blows/layer
Optimum Moisture Content + 3%

Test Description/Remarks:

Figure B12




BEARING RATIO TEST REPORT
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Lime Treated - 5% (pef) {%)
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Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 56 blows/layer

Optimum Moisture Content + 3%
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BEARING RATIO TEST REPORT
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BEARING RATIO TEST REPORT
ASTM D 1883-99
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Tan silty clay focf) =
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Project No: 070904 Test Description/Remarks:
Project: MDOT SS 205 Standard hammer
3 layers - 25 blows/layer
Optimum Moisture Content
Date:
BEARING RATIO TEST REPORT
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BEARING RATIO TEST REPORT
ASTM D 1883-99
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Project: MDOT SS 205 Standard hammer
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Optimum Moisture Content
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BEARING RATIO TEST REPORT
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BEARING RATIO TEST REPORT
ASTM D 1883-99
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BEARING RATIO TEST REPORT
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BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS, INC.

Standard hammer
3 layers - 10 blows/layer
Optimum Moisture Content + 3%

Test Description/Remarks:

Figure B17
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BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS, INC.

Standard hammer
3 layers - 25 blows/layer
Optimum Moisture Content + 3%

Test Description/Remarks:

Figure BI8
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Optimum Moisture Content + 3%
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Test Description/Remarks:
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3 layers - 10 blows/layer
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CL A-4; Material 4 CL 120.5 114 22 8

Project No: 070904
Project: MDOT SS 205

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS

Test Description/Remarks:

Standard hammer
3 layers - 25 blows/layer
Optimum Moisture Content + 3%

Figure B38
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ASTM D 1883-99
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2 A 1074 89.1 ; 14.9 107.3 89 15.6 3.2 3.1 0.000 10 0.1
30
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Matorial Description uscs Dens. Moisture LL Pl
Tan silty clay, slightly sandy {pch )
CL A-4; Material 4 CL 120.5 114 22 8

Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 56 blows/layer

Optimum Moisture Content + 3%

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS
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ASTM D 1883-99
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10 94.8 81.3 12.7 94.7 81.2 23.7 8.2 7.5 0.000 10 0
2 A 94.7 81.2 13.2 94.7 81.2 23.2 9.3 8.4 0.000 10 0
30 !
= — Max. Optimum
Material Description uUscCs Dens. Moisture LL Pl
Lime Treated - 5% {pct) =
CL A-4; Material 4 CL 116.6 12.9 - -

Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 10 blows/layer

Optimum Moisture Content

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS Figure B40
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{pcf) | Max. Dens. (%) (pch) Max. Dens. (%) i | e ULk (in.) i (%)
10 104.5 | 89.6 : 13.1 104.4 89.5 17.7 25.8 l 25.2 0.000 10 0.1
2 A 104.6 89.7 ‘ 13.3 104.5 89.7 18.4 27.8 27.2 0.000 10 0.1
30 " I'
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Mlaterial Description USCS Dens. Moisture LL Pl
Lime Treated - 5% {pcf) )
CL A-4; Material 4 CL 116.6 12.9 -- -

Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 25 blows/layer

Optimum Moisture Content

Date:

BEARING RATIO TEST REPORT
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(pcf) Max. Dens. (%) (pcf) Max. Dens. (%) ) ) il (in.) ] (%)
10 113.3 97.2 13.6 113.3 97.1 144 63.8 63.8 0.000 10 0
2 A 1124 96.4 13.6 112.4 96.4 14 59.5 59.9 0.000 10 0
30
5 i Max. Optimum
e pon USCS Dens. Moisture LL P
Lime Treated - 5% {pel) )
CL A-4; Material 4 CL 116.6 12.9 -- --

Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 56 blows/layer

Optimum Moisture Content

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS Figure B4
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Project No: 070904 Test Description/Remarks:
Project: MDOT SS 205 Standard hammer
3 layers - 80 blows/layer
Optimum Moisture Content
Date:
BEARING RATIO TEST REPORT
BURNS COOLEY DENNIS Figure B43
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ASTM D 1883-99
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10 96.3 82.6 153 96.2 82.5 21.7 9.6 9.1 0.000 10 0.1
2 A 96.3 82.6 15.8 96.2 82.5 20.3 10.9 10.2 0.000 10 0.1
30
= T Max. Optimum
Material Description Uscs Dens. Moisture LL Pl
Lime Treated - 5% {pef) %)
CL A-4; Material 4 CL 116.6 12.9 — =

Project No: 070904
Project: MDOT SS 205

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS

Standard hammer
3 layers - 10 blows/layer
Optimum Moisture Content + 3%

Test Description/Remarks:

Figure B44
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ASTM D 1883-99
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Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 25 blows/layer

Optimum Moisture Content + 3%

Date:

BEARING RATIO TEST REPORT
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(pcf) Max. Dens. (%) (pcf) Max. Dens. (%) ) : ) ” (in.) d (%)
10 111.3 95.5 15.6 111.1 953 15.1 41.3 384 0.000 10 0.2
2 A 111.2 954 15.6 110.9 95.2 15.6 30.1 39.2 0.000 10 0.2
30
: P Max. Optimum
Material,Description Uscs Dens. Moisture LL Pl
Lime Treated - 5% {peh) )
CL A-4; Material 4 CL 116.6 12.9 - ="

Date:

Project No: 070904
Project: MDOT SS 205

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS, INC.

Test Description/Remarks:

Standard hammer
3 layers - 56 blows/layer
Optimum Moisture Content + 3%

Figure B46




BEARING RATIO TEST REPORT
ASTM D 1883-99
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10 97.9 924 13.9 97.8 924 19.2 3.0 3.6 0.000 10 0
2 A 97.6 92.2 13.9 97.5 92.1 19.2 29 3.6 0.000 10 0
3 0
" ¥ Max. Optimum
NaterialDestniption USCS Dens. Moisture LL Pl
Red silty sand {pel) L)
SM A-2-4; Material 5 SM 105.9 14.1 NP NP
Project No: 070904 Test Description/Remarks:
Project: MDOT SS 205 Standard hammer
3 layers - 10 blows/layer
Optimum Moisture Content
Date:
BEARING RATIO TEST REPORT
BURNS COOLEY DENNIS, INC. Figure B47




BEARING RATIO TEST REPORT
ASTM D 1883-99
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(pcf) Max. Dens. (%) (pcf) Max. Dens. (%) : : b ) (in.) : (%)
10 104.6 98.8 13.8 104.6 98.8 16.1 134 17.5 0.024 10 0
2 A 104.5 98.7 14.1 104.5 98.7 15.7 13.3 17.4 0.010 10 0
30O
A B = Max. Optimum
Matadal Description USCS Dens. Moisture LL Pl
Red silty sand {pef) %)
SM A-2-4; Material 5 SM 105.9 14.1 NP NP
Project No: 070904 Test Description/Remarks:
Project: MDOT SS 205 Standard hammer
3 layers - 25 blows/layer
Optimum Moisture Content
Date:
BEARING RATIO TEST REPORT
BURNS COOLEY DENNIS Figure B4
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10 107.5 101.5 14.0 1074 101.4 15.1 18.3 25.7 0.047 10 0
2 A 107.8 101.8 14.0 107.8 101.8 14.2 18.3 254 0.051 10 0
30
: - Max. Optimum
Naterial Description UsCs Dens. Moisture LL PI
Red silty sand (pef) ()
SM A-2-4; Material 5 SM 105.9 14.1 NP NP

Project No: 070904
Project: MDOT SS 205

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS

Standard hammer
3 layers - 56 blows/layer
Optimum Moisture Content

Test Description/Remarks:

Figure B49
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10 108.1 102.1 14.0 108.1 102 14.6 239 337 0.053 10 0
2 A 108.2 102.2 14.1 108.1 102.1 14.5 213 20.3 0.061 10 0
30 !
: P Max. Optimum
Material Description Uscs Dens. Moisture LL PI
Red silty sand {oel) (%)
SM A-2-4; Material 5 SM 105.9 14.1 NP NP

Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 80 blows/layer

Optimum Moisture Content

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS Figure B50 |




BEARING RATIO TEST REPORT
ASTM D 1883-99
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Project No: 070904
Project: MDOT SS 205

Test Description/Remarks:

Standard hammer
3 layers - 10 blows/layer
Optimum Moisture Content + 3%

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS

Figure B51




BEARING RATIO TEST REPORT
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10 99.9 943 17.0 99.9 94.3 17.6 4.1 4.6 0.169 10 0
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Metcdaliescription uscs Dens. | Moisture LL PI
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Red silty sand {oct) Ce)
SM A-2-4; Material 5 SM 105.9 14.1 NP NP

Project No: 070904
Project: MDOT SS 205

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS, INC.

Standard hammer
3 layers - 25 blows/layer
Optimum Moisture Content + 3%

Test Description/Remarks:

Figure B52




BEARING RATIO TEST REPORT
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Date:

Project No: 070904
Project: MDOT SS 205

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS

Standard hammer
3 layers - 56 blows/layer
Optimum Moisture Content + 3%

Test Description/Remarks:

Figure B33




BEARING RATIO TEST REPORT
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Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 10 blows/layer

Optimum Moisture Content

Date:

BEARING RATIO TEST REPORT

BURNS COOLEY DENNIS Figure B54
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10 111.6 97.6 12.0 111.5 97.6 152 13.7 15.9 0.000 10 0
2 A 109.6 959 12.2 109.5 95.8 15.5 12.7 13.6 0.000 10 0.1
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Red silty sand {pef) =
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Project No: 070904 Test Description/Remarks:

Project: MDOT SS 205 Standard hammer
3 layers - 25 blows/layer

Optimum Moisture Content

Date:

BEARING RATIO TEST REPORT
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BEARING RATIO TEST REPORT
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Appendix C

Unconfined Compression Strength Results
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Appendix D
Resilient Modulus Results

Virgin Soils at Optimum Moisture Content
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BURNS COOLEY DENNIS, INC.
GEOTECHNICAL CONSULTANTS

278 COMMERCE PARK DRIVE BUS: (601) 856-2332 P.O. BOX 12828
RIDGELAND, MISSISSIPPI 39157 FAX: (601) 856-3552 JACKSON, MS 39236

LABORATORY TESTING REPORT

Sample No.: 1 - Low, Optimum
GENERAL INFORMATION
BCD Lab No.: - — -
Sample No.: 7 Description: Material 1
uscCs: CL Testing Performed By BCD
AASHTO: A-7-6 (MDOT, BCD, elc.):
gieoplodex 23 Remarks: 070904/ Reps 1,2 & 3
SIEVE ANALYSIS INDEX PROPERTIES DENSITY DATA
MATERIAL PASSING NO. 40 STANDARD PROCTOR TEST/IN
TOTAL % PASSING BY WEIGHT SIEVE PLACE DENSITY DATA
No. 3" Sieve 100 Liquid Limit: 43 In Place Density (pcf):
No. 2" Sieve 100 Plastic Limit: 18 Max. Dry Density (pcf): 107.9
No. 1 1/2" Sieve| 100 Plasticity Index: 25 Optimum Moisture (%): 16.6
No. 1" Sieve 100 Shrinkage Limit:
No. 3/4" Sieve 100 Shrinkage Ratio:
No. 1/2" Sieve 100 Volume Change:
No. 4 Sieve 100
No. 10 Sieve 100
No. 40 Sieve 100
No.100 Sieve 100
No.200 Sieve 90
No.270 Sieve Not Detemined
% Silt
% Clay




BURNS COOLEY DENNIS, INC.
GEOTECHNICAL CONSULTANTS

278 COMMERCE PARK DRIVE BUS: (601) 856-2332 P.0. BOX 12828
RIDGELAND, MISSISSIPPI 39157 FAX: (601) 856-3552 JACKSON, MS 39236

LABORATORY TESTING REPORT

Sample No.: 1 - Low, Optimum

COMPACTION INFORMATION

General Data Target Data
Source of Density Value ("SP" for Target Dry Density (pcf): 97.1
Standard Proctor or “IP" for In Place SP Target Moisture Content (%): 16.6
Density):
Desired Percent of Maximum Dry 90.0
Density or In Place Density: ) Initial Moisture Content Data

Tare Weight (g): 100.00
Material Type* (1,2, or 3): | [ 3 Wet Weight + Tare (g): 200.00
Dry Weight + Tare (g): 200.00

Initial Moisture Content: 0.00

Mix Moisture Data
Sample Weight (g)(atinitial m.c.):
Additional Water Needed (ml):

Mold Data
Mold ID (4A,4B,4C, 4V, or 6): 4A
Sample Weight Data Height of Mold (in.): 8.04
Wet Unit Weight (pcf): 113.2 Diameter of Mold (in.): 3.96
Wet Weight of Sample (g): 2943.2 Volume of Mold (cu. ft.): | 0.0573
Adjusted Wet Weight (g): 3034.7 Volume of Mold + .25 (cu. ft.): 0.0591

Layer Weight (g): 379.3

Molded Specimen Data

Specimen No.: 1 2 3
Number of Blows per Layer: 5 5 5
Specimen Wet Weight (g): 2935.7 2940.1 2931.1
Specimen Height (in): 8.04 8.04 8.04
Specimen Diamater (in): 3.96 3.96 3.96
orsture Gontont ATE Weight (g): 41.80 41.10 42.30
Data Wet Weight + Tare (g): 381.00 379.60 400.40
Dry Weight + Tare (g): 331.4 331.0 348.80
Moisture Content (%): 17.1 16.8 16.8
Wet Density (pci): 112.9 113.1 112.8
Dry Density (pcf): 96.4 96.9 96.5
] Target & Specimen Dry
§ % Density 0.7 0.2 0.6
IR Target & Specimen
a = i
Pt Moisture 0.5 0.2 0.2

Material Unbound granular base and subbase materials and untreated subgrade materials with maximum grain size greater than 3/4 in..
Type 1: Material retained on the 1 inch sieve to be scalped. Compacted by impact or vibrartory methed in 4 or 6 in mold.

Material Unbound granular base and subbase materials and untreated subgrade materials with a maximum grain size less than 3/4 in. and less than 10% passing the No. 200
Type 2: sieve. Compacted by vibrartory method in 4-in mold.

Material Untreated subgrade materials with a maximum grain size less than 3/4 in. and more than 10% passing the No. 200 sieve. Compacted by kneading or impact method
Type 3: in 4-in mold.




€860 =4

lero  =4g/es
0100 =88
G100 =Ag
1000 =s3S

9l =u
2202 = By
2850 =2y
669 =hy

1 434

uoj3 uonoedwon Mo

9-/-V 10 | [BlSiE

S0¢ SS 1Oan

¥060.0

159 aleolday

@’ odwes

:swe jo3foid

210sloid @og

) 9vES ZLl '8 6'ce 6 6t 1’61 ol
0819 7819 9Z1 €8 €6¢ 6¢ 6¢ Sle St
7819 7969 08l g8 VGE 85 8% gcc vi
9EEL 085 S8l 78 61V 8L G €92 el
96.5 6655 2€l 29 681 6k 6 1’6l cl
6699 ¥959 S ) 0Ge g€ g€ VLl I
€162 6cvl | OV 99 viE 8G G 861 OF
€ces 8028 vIr 89 g'/¢ 87 87 2 e 6
8€09 2909 Z0L 8y 6°St 6t 6t L'gk 8
S6F. 80+ 70t 0% vee 6¢ 6¢ RN 7
evig gvig oLr ZS v'ee 8% G5 8ol 9
5968 €006 St VS 6vE CFA P €61 S
6129 €259 €L v'e 0l 6t 6t 26 v
0297 029 I 9¢ 61 8¢ 8¢€ CHN 3
€88 2188 '8 8¢ GGe 85 g5 6l z
6586 2076 G 0V 61 8/ 87 €91 I
1sd 1sd 1sd 1sd 1sd 1sd 1sd 1sd 9ouanbeg
I_Z .Um‘_n_ m_>_ m.O. o aoo._. ® Ep [4s) lp




1160 =M

2510 =Ag/es
Ll0'0 =8S
v/00 =4s
¢000 =838
ol =u
8/0°¢- =£y
€950 =2y
1'60L =hy
¢ d3d ;Jsa] sjeoydey
Ho}3 uonordwon moT
9-2-¥ 1D | [elsiey Q| 9|dwes

S0¢ SS LOaW raulep 108old

06020 108loid @og

18€S 0625 WA 18 8'¢e 6L 6'L 06l 9l
9909 0019 9/l €8 £6c 6¢ 6t S'le Sl
SE99 289 0’8l G'8 7'GE 8’6 8'G 8'Ec 14!
147294 acvl g8l L'8 6'\¥ 8L 8L £9¢ el
19/S LGGS cel 29 68l 6l 61 'Sl cl
¢/l99 WA %S} 9'tl ¥'9 £'6e 6'€ 6t SLL i
9/€L 60€L L'vL 99 gle 8'g 8'q 661 0l
€908 0108 a4’ 89 WA 8L 8L [AA4 6
£1S09 09 2ol 8'v 6'GlL 6'l 6} L'¢t 8
6S1.L ¥S0L 201 0] e 6t 6'¢C 9Vl L
£908 6208 0Ll (4] '8¢ 8¢ 86 ~ 8ol 9
9£88 /288 SL 1Al 6'vE 8L 8L €6l G
£8¢9 8599 €L 14> ocl 6'l 61 c'6 14
969/ LE9L 9/ o€ o6l 8t 8¢ 12Nt [
BEED Zves 08 8¢t v6e | 86 86 | ©Bel 2
Y.L.6 1596 i) oy 6l 8L 8L €91 !
1sd 1sd 1sd _uma 1sd 1sd 1sd 1sd aousnbag
)\ paid Hpy €0 tp 100, ) €n 7 %)




1860 =,

9e1'0  =A4Ag/es
0100 =9s
5§00 =A4g
1000 =s3S

9l =u
vrLe- =By
/S50 =2y
¥'28. =y

€d3d

HO}T uonoedwon Mo

9-L-V 10 | [eusie

S0¢ SS 1OdN

06020

2159 ajeoldey

@) adwes

:alwe 108foid
108l0id D8

6€/S 0295 Lt '8 6eC 61 61 L6k or
0c79 1679 9ZF t8 06¢ gc CE3 vie GI
0907 6Vl o8t | S8 7Ge g% G 8¢cc | I
885. Te8Z G8r 78 61y g7 8. £9¢C el
9029 €565 CEl 29 681 61 6t LGl ]!
eLi. 2169 o€l 79 062 8¢ 8¢ Vil T

" 226. 6587 0Vl 99 v i 8% 8G | 86! or
[~ 2658 9968 Syl 29 66 CYA 8L cee 6
BES9 | 0Es9 €0l 67 09l 61 61 zet 8
Vil V69L 90k 0% €ec X3 6¢€ R 7
1898 908 R 25 v'8¢e gg 8% 89k 9
€6v6 | c8r6 R VS 6 7€ 8L 7l €6k S
29.9 680 ) Ve 9¢h gl gl 06 b
I1E8 ZEE8 97 9¢ 061 8¢ g€ L 3
G256 V156 '8 g€ Goe gS 8% 6€F | ¢
1GS0F | reeot S8 0¥ 61E 92 87 €o1 1

1sd 1sd 1sd |Wa 1sd 1sd 1sd 1sd aousnbag
B Paid Y € 'p 190, 0 €O 2o o




BURNS COOLEY DENNIS, INC.
GEOTECHNICAL CONSULTANTS

P.0. BOX 12828
JACKSON, MS 39236

278 COMMERCE PARK DRIVE
RIDGELAND, MISSISSIPPI 39157

BUS: (601) 856-2332
FAX: (601) 856-3552

LABORATORY TESTING REPORT

Sample No.: 1 - Standard, Optimum
GENERAL INFORMATION
ggn?pli:t;\l':?“ 7 Description: Material 1
uscs: CL Testing Performed By BCD
AASHTO: A-7-6 (MDOT, BCD, etc):
Group Index: 23 .
——"T Remarks: 070904/ Reps 1,2 & 3
SIEVE ANALYSIS INDEX PROPERTIES DENSITY DATA
TOTAL % PASSING BY MATERIAL PASSING NO. 40 STANDARD PROCTOR TEST/IN
WEIGHT SIEVE PLACE DENSITY DATA
No. 3" Sieve 100 Liquid Limit: 43 In Place Density (pcf):
No. 2" Sieve 100 Plastic Limit: 18 Max. Dry Density (pcf): 107.9
No. 1 1/2" Sieve 100 Plasticity Index: 25 Optimum Moisture (%): 16.6
No. 1" Sieve 100 Shrinkage Limit: '
No. 3/4" Sieve 100 Shrinkage Ratio:
No. 1/2" Sieve 100 Volume Change:
No. 4 Sieve 100
No. 10 Sieve 100
No. 40 Sieve 100
No.100 Sieve 100
No0.200 Sieve 90
No.270 Sieve Not Determined
% Silt
% Clay




BURNS COOLEY DENNIS, INC.
GEOTECHNICAL CONSULTANTS

278 COMMERCE PARK DRIVE BUS: (601) 856-2332 P.O. BOX 12828
RIDGELAND, MISSISSIPPI 39157 FAX: (601) 856-3552 JACKSON, MS 39236

LABORATORY TESTING REPORT

Sample No.: 1 - Standard, Optimum

T e ——
COMPACTION INFORMATION

General Data Target Data
Source of Density Value ("SP" Target Dry Density (pcf): 102.5
for Standard Proctor or "IP" for In Sp Target Moisture Content (%): 16.6
Place Density):
Desired Percent of Maximum Dry 95.0
Density or In Place Density: i Initial Moisture Content Data
Tare Weight (g): 100.00
Material Type* (1,2, or 3): | 3 Wet Weight + Tare (g): 200.00
Dry Weight + Tare (g): 200.00
Initial Moisture Content: 0.0
Mix Moisture Data
Sample Weight (g)at initial m.c.):
Additional Water Needed (ml):
Mold Data
Mold ID (4A,4B.4C, 4V, or 6): 4A
Sample Weight Data Height of Mold (in.): 8.04
Wet Unit Weight (pcf): 119.5 Diameter of Mold {in.): 3.96
Wet Weight of Sample (g): 3106.7 Volume of Mold (cu. ft.):| 0.0573
Adjusted Wet Weight (g): 3203.3 Volume of Mold + .25 (cu. ft.): 0.0591
Layer Weight (g): 400.4
Molded Specimen Data
Specimen No.: 2REP1 3REP2 | 4REP 3
Number of Blows per Layer: 8 8 8
Specimen Wet Weight (g): 3117.2 3125.9 3132.6
Specimen Height (in): 8.04 8.04 8.04
Specimen Diamater (in): 3.96 3.96 3.96
Moisture | Tare Weight (g): 41.20 42.40 40.20
Content |Wet Weight + Tare (g):| 415.40 441.00 401.90
Data  [Dry Weight + Tare (g): 362.3 385.30 350.40
Moisture Content (%): 16.5 16.2 16.6
Wet Density (pcf): 119.9 120.3 120.5
Dry Density (pcf): 102.9 103.5 103.4
-2 Target & Specimen
§ % Dry Denstty 04 0.9 0.8
8 & | Target & Specimen
o Moisture 0.1 0.4 0.0
Material Unbound granular base and subbase materials and untreated subgrade materials with maximum grain size greater than 3/4 in..
Type 1: Material retained on the 1 inch sieve to be scalped. Compacted by impact or vibrartory methad in 4 or 6 in mold.
Material Unbound granular base and subbase materials and untreated subgrade materials with a maximum grain size less than 3/4 in. and less than 10% passing the

Type 2: No. 200 sieve. Compacted by vibrartory method in 4-in mold.

Material Untreated subgrade materials with a maximum grain size less than 3/4 in. and more than 10% passing the No. 200 sieve. Compacted by kneading or impact
Type 3: method in 4-in mold.
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BURNS COOLEY DENNIS, INC.
GEOTECHNICAL CONSULTANTS

278 COMMERCE PARK DRIVE BUS: (601) 856-2332 P.O. BOX 12828
RIDGELAND, MISSISSIPPI 39157 FAX: (601) 856-3552 JACKSON, MS 39236

LABORATORY TESTING REPORT

Sample No.: 1 - High, Optimum
GENERAL INFORMATION
gacn[:p&:t;":f" 7 Description: Material 1
uscCs: CL Testing Performed By BCD
AASHTO: A-7-6 (MDOT, BCD, etc.):
Srely lpdex — 2 Remarks: 070904/ Reps 1,2 & 3
SIEVE ANALYSIS INDEX PROPERTIES DENSITY DATA
TOTAL % PASSING BY MATERIAL PASSING NO. 40 STANDARD PROCTOR TEST/IN
WEIGHT SIEVE PLACE DENSITY DATA
No. 3" Sieve 100 Liquid Limit: 43 In Place Density (pcf):
No. 2" Sieve 100 Plastic Limit: 18 Max. Dry Density (pcf): 107.9
No. 1 1/2" Sieve 100 Plasticity Index: 25 Optimum Moisture (%): 16.6
No. 1" Sieve 100 Shrinkage Limit:
No. 3/4" Sieve 100 Shrinkage Ratio:
No. 1/2" Sieve 100 Volume Change:
No. 4 Sieve 100
No. 10 Sieve 100
No. 40 Sieve 100
No.100 Sieve 100
N0.200 Sieve 90
No0.270 Sieve Not Determined
% Silt
% Clay




BURNS COOLEY DENNIS, INC.
GEOTECHNICAL CONSULTANTS

278 COMMERCE PARK DRIVE
RIDGELAND, MISSISSIPPI 39157

Sample No.:

BUS: (601) 856-2332
FAX: (601) 856-3552

LABORATORY TESTING REPORT

1 - High, Optimum

P.O. BOX 12828
JACKSON, MS 39236

COMPACTION INFORMATION

General Data

Target Data

Source of Density Value ("SP” Target Dry Density (pcf): 107.9
for Standard Proctor or "IP" for In N Target Moisture Content (%): 16.6
Place Density):
Desired Percent of Maximum Dry 100.0
Density or In Place Density: ' Initial Moisture Content Data
Tare Weight (g): 100.00
Material Type* (1,2, or 3): | 3 Wet Weight + Tare (g): 200.00
Dry Weight + Tare (g): 200.00
Initial Moisture Content: 0.0
Mix Moisture Data
Sample Weight (g)(at initial m.c):
Additional Water Needed (ml): )
Mold Data
Mold ID (4A,4B,4C, 4V, or 6): 4A
Sample Weight Data Height of Mold (in.): 8.04
Wet Unit Weight (pcf): 125.8 Diameter of Mold (in.): 3.96
Wet Weight of Sample (g): 3270.2 Volume of Mold (cu. ft.):] 0.0573
Adjusted Wet Weight (g): 3371.9 Volume of Mold + .25 (cu. ft.): 0.0591
Layer Weight (g): 421.5
Molded Specimen Data
Specimen No.: 1 2 3
Number of Blows per Layer: 12 12 12
Specimen Wet Weight (g): 3222.7 3224.2 3229.1
Specimen Height (in): 8.04 8.04 8.04
Specimen Diamater (in): 3.96 3.96 3.96
Moisture | Tare Weight (g): 41.50 39.80 41.50
Content [Wet Weight + Tare (g):| 423.20 406.10 415.80
Data  [Dry Weight + Tare (g): 370.0 353.6 363.40
Moisture Content (%): 16.2 16.7 16.3
Wet Density (pcf): 124.0 124.0 124.2
Dry Density (pcf): 106.7 106.3 106.8
=B Target & Specimen
§ % Dry Density 1.1 1.5 1.0
G 0 Target & Specimen
aE .
[a) Moisture 0.4 0.1 0.3

Material
Type 1:

Material
Type 2:

Material
Type 3:

Unbound granuiar base and subbase materials and untreated subgrade materials with maximum grain size greater than 3/4 in..
Material retained on the 1 inch sieve to be scalped. Compacted by impact or vibrartory method in 4 or 6 in mold.

Unbound granular base and subbase materials and untreated subgrade materials with a maximum grain size less than 3/4 in. and less than 10% passing the
No. 200 sieve. Compacted by vibrartory method in 4-in mold.

Untreated subgrade materials with a maximum grain size less than 3/4 in. and more than 10% passing the No. 200 sieve. Compacted by kneading or impact

method in 4-in mold.
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